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WESTRAIL

ALUMINIUM ROLLING STOCK

m !

R
Submi tted by 76.
L. Pitsikas
M.I.E. Aust.
Assistant Chief Mechanical Engineer (Design)
W.A.G.R.

"He, who is theoretic as well as practical, is therefore
doubly armed, able not only to prove the proprietry of his
design, but also to carry it into execution."

Vitruvius.
1st Century B.C.



Page 5
'CLASS XC' ALUMINIUM WAGON '

Photographs showing opposite ends.

Photo No. 2. Equipment End.
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Photo No. 3. Handbrake End.



FOREWORD.

The lighter the tare, the greater the gain is
axiomatic in the transport business.

Bulk transport of minerals, grains and other
commodities in aluminium wagons has so increased
revenue earning capacities that railways of the
world are extending the use of this Tight-weight
rugged material into body structures of freight
cars and coaching stock with resultant increases
in performance and economy.

Understood technically, aluminium in its many
forms and with its inherent characteristics
will prove an incalculable asset to designers
for many years.
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THE BAUXITE TRAIN

Photo No. 4. Loading at Jarrahdale.

Photo No. 5. Transporting Bauxite
down the Darling Range

Photo No. 6. Unloading at Kwinana.



INTROBUCTION.

The continuous search by Railway Engineers to transport heavier loads in lighter vehicles and
to design wagons for quicker turnround has never had such a boost in Australia as when the

mineral boom hit Western Australia some fifteen years ago.

The challenge of transporting bulk commodities more efficiently in maximum pay-load vehirc ns
of minimum tare weights in minimum turnround times has been eagerly accepted by Westrail, the

largest transport business in Western Australia.

The use by Desian Engineers of aluminium, in its various alloys, shapes, sections and
characteristics to cover diverse transport exercises is clearly indicated in the body of
this report. '

Cases are also illustrated where aluminium wagons originally designed for the bulk transport
of a given mineral have been, with comparatively minor modifications, converted to carry
completely different commodities and heavier loads with econcmic advantages.

Yet other instances are shown where similar superstructures and their contents are conveyed
on either Standard or Narrow Gauge railways, different bogies alone virtually accounting

for this versatility.

A foremost builder of aluminium rolling stock, the Railway Workshops at Midland, Western
Australia, in addition to designing and building light weight vehicles for Westrail
requirements are continually being requested by private, mining and petroleum companies to
manufacture aluminium vehicles for use in the railway systems of Australia.

Appendix 'A' - Section 15-2

Refers to the new corporate image Westrail launched by the Western Australian Government
Railways on the 19th September, 1975.

Appendix 'B’ Section 15-3
Refers to the Westrail Workshops Exhibition at Midland Western Australia on the
12th November, 1975.
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Bandsaw cutting of Aluminium

Description

"Class XC" Bauxite Wagon, side on.

"Class XC" Wagon from Equipment end.

"Class XC" Wagon from Handbrake end.

Loading Bauxite at Jarrahdale.

Transporting Bauxite down the Darling Range.
Unloading Bauxite at Kwinana

"Class JGE" Rail Tank Wagon

"Class XF" Alumina Wagon

Door linkage in door closed position

Door linkage in door open position

Full size wagon mock-up for proving wagon concept
Prototype door mounted in test frame
Prototype door with 18 ton test load

Typical strain gauge application

Typical strain gauge application

General view of door after application of strain cauges
Strain indicator and switching box

Door loaded with 10.5 ton test Toad

Addition of Gusset Plate

Bottom discharge door jig

Stub si11 and shear plate

Completed end unit assembly

Side wall on jig ready for welding
Completed body assembly

Sub assemblies placed on final assembly jig for fitting
of side walls.

First side wall being 1ifted into position.

Side wall pulled into position ready for finish welding.

Arrangement showing Lemcol bearings at Bandsaw Table
and portable stands.

Close up of bearings at Bandsaw table top.
Commencing Bandsaw cutting of aluminium plate.
Bandsaw cutting of aluminium plate.
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SECTION 1.

IMPERIAL AND METRIC UNITS.

Illustrations and calculations in this paper have been set out in either
Imperial or Metric dimensions. The reason for this is, of course, the

changeover to metrication.

Consignments by rail in Australia have been calculated in metric units
interstate as from lst July 1973, and the Working Time Table in Western
Australia modified to operate intrastate as from 17th February 1974.

Prior to these dates imperial figures were used.

Future designs and drawings, including those previously designed in
imperial units will be, of necessity, updated in hard metric units to
suit the metric standards adopted by manufacturers of raw materials and

hardware for railway rolling stock.

In the changeover process technical discrepancies are bound to occur and

must be tolerated for the time being.

The previously designated Narrow Gauge of 3'-6" and Standard Gauge of
4'-8%" are now respectively re-designated as the 1067 mm and the 1435 mm

Rail Gauges.

Maximum allowable gross weights of vehicles are restricted to the

classification of the railroads over which they are to run. For example,
the maximum allowable gross weight interstate (to comply with the A.N.Z.R.
Code) is 75 tons and intrastate the maximum is 93 tons 15 cwt. In metric

units the set limits are 76 tonnes and 96 tonnes respectively.

However, Westrail's system incorporates lighter gross restrictions in some
areas yet to be upgraded. i
Australia-wide, the whole metric conversion programme is running two years

ahead of the timetable.

Decimal currency switching from pounds, shillings and pence to dollars and

cents attained its tenth anniversary on the l4th February, 1976.

Conversion of weights and measures began five years ago on a ten year

programme, but present indications are that it will f£inish in eight.

Quite a number of British and American firms producing railway equipment,
however, are loathe to alter their own standards. Consequently imports
from these countries are not all in metric units, the larger firms claiming

that complete conversions of their products would prove prohibitive.



SECTION 2.

BENEFITS OF ALUMINIUM WAGONS

Generally, the benefits obtained by light-weight aluminium alloys compared with mild
steel for railway rolling stock are :-

1.

10.
11,

13.

15,

16.

7.
18.

19,

20,

Much better payload to tare weight ratios.

Fewer wagons required for fixed tasks.

Ideal for bulk commodity or 'in-block' captive trains.

Less Tocomotive power energy required for the same number of wagons hauled.
Substantial increases in revenue earning capacities.

Improved loading and unloading facilities attendant with aluminium wagon design
lessens labour charges and improves turnround times - in fact increases all round
operating efficiency.

Greater elasticity - can deform three times that of steel without permanent
deformation.

Less mechanical damage - therefore lowering of maintenance costs.
Incidence of 'hot boxes' reduced to a minimum.

Greater returns over the life of the wagon.

Less damage to cargoes carried.

Machine tool operations during manufacture generally quicker and easier reducing
production man-hours.

Greater design flexibility and versatility.

Corrosion resistance reduces repair costs and minimises out-of-service times.
Greater resistance to weathering.

Non-contaminating - rendering special linings unnecessary.

Playing a steadily increasing part in railway development.

Complex extrusions available simplifying design, erection and promotes
structural efficiency.

Easily adaptable to the 'cleanline concept' allowing freer egress of contents.
Operating experience has proved that vibrators are not needed with correct
aluminium design.

Residual cash value highef in comparison.



SECTION 3. . Page 1.

TABLE 1. ALUMINIUM WAGONS ON WESTRAIL

WESTRAIL built and owned Appendix C.
CLASS | COMMODITY DESCRIPTION OUTLINE ~ GENERAL NOTE REMARKS
- | ARRANGEMENT
Narrow Gauge 3'-6"
XB Bauxite Yes Yes 18352 a Composite steel and aluminium
XC Bauxite Yes Yes 20186 b Aluminium superstructure
XBC Bauxite Yes Yes 20358 C Converted XB wagons
XR Cement Yes Yes 20075 d
XF Alumina Yes Yes 22411 e ) Similar design - bottom
XFL Lime Yes Yes 23639 f ) doors differ
JPA Tanker Yes Yes 24127 g Addendum refers
I Standard Gauge 4'-8.1/2"
WK Cement Yes Yes 52703 h
WWA Grain Yes Yes 52235 J
WESTRAIL built - Privately owned Appendix D.
CLASS COMMODITY DESCRIPTION OUTLINE GENERAL NOTE REMARKS
ARRANGEMENT
Narrow Gauge '
JGE Tanker Golden Fleece Yes 24025 a
Standard Gauge
WJP Tanker Shell Yes 54103 )
WaP Tanker  (Mobil Yes 54103 ) | b Addendum refers
WJP Tanker Ampol Yes 54103 )
WJL Tanker Shell Yes 53884
WJK Tanker Esso Yes 54165
Built and owned privately Appendix E.
CLASS | COMMODITY DESCRIPTION OUTLINE GENERAL NOTE REMARKS
ARRANGEMENT
Narrow Gauge
JRB Tanker Mobil Yes 21379 a Tulloch built
XNG | Salt Lefroy Salt Pty.| Yes 22464 b Comeng built
XN | Coal 1 " " 1 Yes 23659 c Westrail conversion
Standard Gauge d
WL Salt Lefroy Salt Pty.| Yes 54595 d Westrail conversion
WJD | Tanker Mobil Yes 21563 e Tulloch built
WJE ' Tanker Mobil Yes 21542 f Tulloch built
WJF Tanker Mobil Yes 52978 g Tulloch built
WG Tanker  |B.P. Yes 52985 h | Tulloch built
WJH Tanker Caltex Yes 52848 J Comeng built
WJJd | Tanker Ampol Caltex Yes 52856 k Comeng built
WK Tanker B.P. Golden Yes 52997 1 Tulloch built
Fleece ‘ ’
Wam Tanker B.P. Shell Yes 53004 m Tulloch built
WJaN Tanker Shell [Yes 21971 [ n | Tulloch built
| i
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a)  Originally aluminium body with steel doors and steel underframe.

(b)  Aluminium wagons for transport of bauxite.
(c) "XB" to "XBC" conversion for in service compatibility.

(e)  Aluminium wagons for transport of alumina.
(f)  With exception of bottom door design, similar to (e).
(g) Narrow Gauge Tanker with tank identical to Standard Gauge "WJP".

(b)  Standard Gauge Tanker with tank identical to Narrow Gauge "JPA".
Nine (9) "WJP" Tankers are in service and six (6) currently under manufacture.

APPENDIX E.

(b) Original 3'-6" "Class XNG" Salt Wagon built by Comeng, Queensland.
(c) Converted to 3'-6" "Class XN" Coal Wagon by Westrail.
(d) Converted to 4'-8.1/2" "Class WL" Salt Wagon by Westrail.

Further reference to Table 1 reveals that aluminium vehicles running on ''=-trail

are divided into three distinct categories :-

APPENDIX C. Westrail built and owned

Used for the bulk transport of Bauxite, Cement, Alumina, Lime, Grain and Petroleum
products on both Narrow (3'-6") and Standard (4'-8.1/2") Gauge tracks, many wagons are
manufactured in the Westrail Workshops, Midland, Western Australia.

Westrail's initial entry into the aluminium field was the "Class XB" bauxite carrier,
a composite design of aluminium body on a steel underframe and steel doors, so designed that
this system could obtain first-hand knowledge of this lightweight material under local conditions.

Subsequent designs consist of all-aluminium superstructures, i.e., above the bogies,
except for proprietory lines of drawgear, brake equipment and hand brakes, thus attesting to the

satisfactory trials. Iy

APPENDIX D, Westrail built and privately owned

Rail Tankers in this category are totally designed and built in the Westrail Workshops
at Midland, Western Australia, proprietory lines of "hardware" only being purchased. Westrail
built vehicles include Standard Gauge vehicles for the Shell, Esso, Mobil and Ampol companies and

Narrow Gauge wagons for Golden Fleece.

APPENDIX E. Built and owned privately

Sixty (60) aluminium vehicles are within this classification in Westrail and with one

exception consist of Rail Tankers belonging to the Mobil, Shell, B.P., Caltex and Golden Flesce
companies. The one exception is the original Narrow Gauge Salt Wagon "Class XHG" built by the
Commenwealth Engineering Pty. Ltd. of Queensland for the Lefroy Salt Pty. Ltd., for the haulace
k.
c +arn 2o n

of salt from Lake Lefroy to Esperance, a distance of 300 kilometres on the exirems Eastex

the W.A.G.R.
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for this type of work.

capacity for the owning company following the upgrading to Standard Gauge of the Kalgoorlie-

Esperance

(and grain when necessary) and are currently on hire to Westrail by agreement.
were carried out at the Westrail Workshops, Midland, Western Australia.

TABLE 2.

3. (Cont.)

The use of aluminium with its high corrosive resistance has proved eminently suitable

Forty (40) such wagons were initially purchased for service on Narrow Gauge.

P ane

Twenty two (22) were subseguently converted to Standard Gauge "Class WL" with increased

section.

The remaining eighteen (18) were modified to Narrow Gauge "Class XN" for coal traffic

NARROW GAUGE SALT WAGON CONVERSIONS

p——

Wagon
Gauge
Drawing No.
Class
Tare Weight

Load Capacity
Gross Weight

Volume C ft.
C.M.E. File

Salt
Narrow
22464

XNG

12.8 tons
47.2 tons
60.0 tons
1365
68/2509

Salt
Standard
54595

WL

15.75 tons
59.25 tons
75.00 tons
1769

UG 2213

Coal

Narrow
23659

XN

13.6 tonnes
40.4 tonnes
54.0 tonnes
1781
74/2515

design a Standard Tanker to suit all firms have proved abortive.

- compartment tankers

* For 54 tonne track, but has been increased on rails of higher

classification, e.g., +10 tonnes on 64 tonne track.

The range covered by Aluminium Tankers may be cauged from an examination of the
Narrow Gauge Tanker "Class JPA" (C.M.E. Drg. 24127) and the Standard Gauge Tanker "Class WJP"
(C.M.E. Drg. 54103) in Section 17.

Despite this, however, aluminium wagon and tanker design to satisfy the requirements
of Table 1, particularly Appendices "B" and "C" may be classified as a specialised science for
private firms still insist on their own individual requisites and, to date, all attempts to

Cursory perusal of the included outlines will also reveal single, double and treble
e.g., Classes "WJG", "WJJ" and "WJH" respectively.

Both tanks are dimensionally identical.

Both modifications



SECTION 4. Page: 1.

COMPARATIVE TARE WEIGHTS

Mild Steel versus Aluminium Rollingstock

4.1 Various methods have been adopted to ascertain the saving in weight.
Direct comparisons have been made when available e.aq.,

Standard Gauge Grain Wagons

Tare Load Gross
T-C-Q TeCG=0 T 8«0
Class WW  (steel) 26 13 0 69 2 0 93 15 0
Class WWA (aluminium) 19 2 1 74 12 3 93 15 0
Difference 5 10 3 5 10 3 Nl

Difference in Tare Load equivalent to extra Pay Load of 5.5375 Tons.

4,2 Wagons for which details are available are deducted from basic principles e.a.,

Narrow Gauge Bauxite Wagon

Tare Load Gross

T = § SR S T iBiw 1Q
Class XC 17 2 0 62 18 0 80 0 0
Two bogies ‘ 8.795 tons )
Draftgear 1.339 tons ) 10.58 tons
Brakegear 0.406 tons )

Tare - Hardware weights = 6.52 tons aluminium,

4.3 Aluminium rail vehicles not necessarily carrying like commodities have been

compared to steel tankers,

For Standard Gauge (SG) "Class WST" and for Narrow Gauge (NG) the modified
"Class JTE" are the chosen datums.

TABLE 3. ALL-STEEL WAGONS - STANDARD GAUGE AND NARROW GAUGE DATUMS

Standard Gauge "Class WST" Steel fabrication
Tare : Load Gross
T-C-4Q Tonnes T-C-1Q Tonnes T-C-1Q Tonnes
30 10 0 63 5 0
| 30.5 30.9895 63.25 64.2652 93 15 0 95.2547

Narrow Gauge "Class JTE" Steel fabrication | |

T-C-0Q Tonnes TaC =@ Tonnes T-C-Q Tonnes i
24 8 1 29 11 3 54 0 0 ?
24,4125 24,8043 29 .5875 30.0624 54.000 54,8667 ;




SECTION 4. (Cont.) Page 2.

To increase the capacity of the steel "Class JTE" six (6) Tons .to a Gross Load
of sixty (60) Tons by lengthening the barrel of 3/8" Plate at the centre of 7'-8" dia. ;

Material per foot -

361 1bs. per ft. length

il

W% 2243 % 1 x J5 Ibs/fe.

Contents per foot -

2452 1bs. per ft. length

T x 7.2/3% x 1 x 62.1/2 x 0.85 SG
]

2813 1bs. per ft. length

Materia? and contents

Proportion of material : contents = 1 :6.79 and for 6 Tons

L
7.79

0.7702 Tons )

) = 6 Tons
5.2298 Tons )

Material X 6

Contents Tﬁﬁ X b

Therefore, the weights for a modi fied steel "JTE" as the N.G. base :-

Tare Load Gross
Tons tonnes Tons tonnes Tons tonnes
24,4125 29,5875
+0,7702 5.2298
25,1827 25.5869 34.8173 35.3761 60.00 60.963

In an actual design, all stresses need to be checked.

For saving in weight of a similar aluminium design :-

Example : Modi fied steel "JTE" Tare 25.1827 i
Aluminium "Class JRB" Tare 14.8875

Saving of 10.2952 Tons

4.4 Standard Gauge Aluminium Tankers have been grouped together as saving from
8.1/2 to 9 Tons "across the board" when compared to mild steel counterparts.




SECTION 4. (Cont.) Page 3
TABLE 4. ALUMINIUM BUILT VEHICLES - SAVING IN TARE WEIGHTS
oo | S| sy | DSSITS | SMIG | SEE | comso
X8 NG Bauxi te 90 2.87 2.796 | %B has original steel U/frame
XC NG Bauxite 90 6.52 6.6246 | Basic principles
XBC | NG Bauxi te 90 1.87 1.900 |Similar to XB modified
XR NG Cement 70 10.2327 10.3969 | Against modified steel JTE
XF NG Alumina 65.4 6.52 6.6246 |Similar design to XC
XFL NG Lime 60 6.52 6.6246 | Similar design to XC
JPA NG Tanker * 6.1876 6.2869 | Against modified steel JTE
JGE NG Tanker & 9.842 10.0000 |Basic principles.
JRB NG Tanker » 10.2952 10.4604 | Against modified steel JTE
XNG NG Salt 66 5.893 5.9875 |Basic principles.
XN NG Coal 50 6.538 6.6429 L -
WL SG Salt 66 6.12 6.2182 “ :
WK SG Cement 70 7.7785 8.0140 | Against steel WST
WWA SG Grain 50 5.9375 5.6263 | Against WW steel version
WJD SG Tanker * Saving Against steel WST
nclusive “ ” ) "across the board" " ) "
k0 : " ) 8% to 9 tons ” " “
WJIN " " * i LAgainst steel WST
NOTES: (i) * Indicates Sp.Gr. varies from 0.73 to 0.995.
(i1) Densities shown are FAQ (Fair Average Quality) and understandably

vary from place to place and mine to mine.

Density Diagram 1 shows FAQ densities for 1975.
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BRIEF HISTORY OF ALUMINIUM WAGON DESIGN

The first application of aluminium alloy to wagon construction in this system was
the original "Class XB" bauxite wagon which incorporated an aluminium alloy hopper, with steel
doors, bolted to a steel underframe. Twenty four (24) were initially placed in service in
1963 and a further four (4) followed in 1967.

These wagons were later modified and re-classified "Class XEC" to operate jointly
with the all-aluminium alloy "Class XC" bauxite wagons. b=

Technical details are as follows :-

1 I
] PRINCIPLE DIMENSIONS i “CLASS XB" "CLASS Xxc"
i -
. Length over coupling faces 44"'-1" ' aq'-1"
| Length over headstocks , 41'-4" 41'-2"
i Bogie centres 32'-6" 31'-9"
| Maximum width 9'-6" 9'-6"
Overall height loaded g'-g" i 10'-3"
Volumetric capacity 1500 ft.> 1690 ft.°
|
| Tare weight 20.75 Tons 17.10 Tons
Load = 60.00 Tons 63.00 Tons
!
Bogies Cast steel ride control type Cast steel ride control frame
fitted with clasp brakes and with Auscopac brake units
C.I. blocks. Package type fitted with brake cylinders
: roller bearings for maximum integrally mounted in bogie
E availability. brake beams and high friction
i composite brake blocks. Package
type roller bearings.
Material of construction Underframe - steel Aluminium Alloy
Plate to ASS A33-1955 C1.E Plate to Alloy AA 5083-H321.
Rolled sections to AS B14-1940 Extrusions to Alloy AA 6061-T6
Hopper Aluminium Alloy ;
Plate to Alloy AA 5083-H11A i
Extrusions to Alloy AA 6061-T6

Currently, there are twenty six (26) different designs to suit specific requirements
engaged on the W.A.G.R., no less than half having been fully designed, drawn in detail and
built by Westrail,

Pertinent references have been made to these vehicles, but to submit full details
of all designs would cloud the purpose of this submission.

Consequently, the first Westrail produced all-aluminium superstructured wagon, the
"Class XC", used for the transport of bauxite from Jarrahdale in the Darling Range to the
unloading site at the Kwinana industrial complex, a distance of forty six (46) kilometres, has
been selected as the spearhead design described in detail in Section 7, following the experience
gained from intensive research described in Section 6. The first twenty two (22) were buiyt
in 1968; eighty four (84) now cover this service.



PRELIMINARY REQUIREMENTS

Currently known as "Alcoa of Australia Ltd." the mining company originally
required for their operation a suitable wagon for receiving bauxite, crushed to pass a
one inch screen, from overhead storage bins at the mine site, loading at the rate of
1500 tons/hour and capable of discharging the lading into under-rail hoppers at the
refinery at the rate of 1400 tons/hour.

Alternative tonnages estimated by Alcoa to be hauled commencing 1963 (and on
which wagon requirements and freight costing were calculated) were for 300 000, 600 000
and 1 000 000 tons/annum, which were far exceeded in later years.

Capital investment involving the fleet of bauxite wagons represents some
$3m. (Aust.)

The growth of aluminium production in Western Australia is detailed in

Section 11.

™
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PRE-DESIGN RESEARCH, TESTS AND DEVELOPMENT

CAUTIOUS APPROACH

Despite the many benefits of aluminium (listed in Section 2), its application to
railway rolling stock was viewed with caution by Westrail's designers; in fact, the first
application incorporated an aluminium alloy hopper bolted to a steel underframe, as
previously described in Section 3.

Since then, after experimentation, development and technical research, aluminium
in the rail vehicle field has gained impetus, now being readily accepted by designers,
fabricators and users. Pioneering work included the manufacture of scale and full-size models,
and means to positively assess the varying intensities of intemnal, fatigue and welding stresses.

“Quicker manufacturing methods, use of extruded sections and advanced techniques with

aluminium alloys clearly demonstrate the adaptability of this metal to the trying railroad
conditions,

OPTIMUM MAXIMUM GROSS WAGON WEIGHT

A feasibility study, based on predicted tonnages, was carried out to evaluate the use
of bogie wagons as follows :-

(a) Conversion and use of existing rolling stock. (54 ton gross)
or '(b) Construction of new rolling stock to a maximum axle loading on rail
of 15 ton (60 ton gross)
or (c) Construction of new rolling stock to an optimum maximum axle loading
on rail Timit of 20 ton (80 ton gross).

Results of this study eliminated (a) because of the unsuitability of any existing
wagon for conversion, both practically and economically, leaving (b) and (c¢) the alternatives.

A comparison of the estimated load/tare ratios between a 60 ton gross on rail wagon
and an 80 ton gross on rail wagon of similar construction, favoured the 80 ton wagon because
body, drawgear, brake gear and bogie weights do not increase in direct proportion to the
increase in gross wagon weight,

The determination of 80 ton as the optimum maximum gross on rail was arrived at by

(a) The maximum axle Toading due to rail bending moment limitations, which

for 8 1b/yard rail with adequate ballast depth and sleeper spacing
is 20 ton/axle.

and (b) A maximum wheel load 1imit per unit of wheel diameter, or, more commonly
termed the P/D ratio. Proposed American practice, in 1961, for
economical rail 1ife was 800 1b/inch for 33 inch diameter wheels. (*)
Using our standard 31%" new wheel diameter and allowing for 1.3/4"
tread wear to condemning, at 800 1b/inch of wheel diameter, the wheel
load was limited to 10 ton or 20 ton/axle.

A check inspection of wheels operating in service, under a 15 ton axle load, revealed
evidence of excessive rail-wheel contact stresses occurring on the outer edges of the wheel tread,
causing the metal of the tread to flow outwards. This condition was attributed to worn wheel
flanges allowing the wheel to contact the rail as shown in Fig. 1. Because of this finding, the
wheel width for the 20 ton axle load was increased from the standard width of 4%" to 5" tolprovide
full wheel to rail contact under adverse flange wear conditions. To date no cases of outer wheel
tread failure, as outlined above have been found on the 5" wide wheels under these wagons.

* Reference : American Railway Engineering Association Bulletin, Volume 62 No 565 P955-968, The
effect of heavy wheel Toads on rail as observed on the Quebec, North Shore and
Labrador Railway by G.M. Magee. Director of Engineering Research A.A.R.
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Fig. 1. Wheel to rail contact under new and worn conditions.
P/D ratio for XC wagon of 20 ton/axle on rail.
P = Tload in tons/axle at rail.
D = diameter in feet. (31%" new and 28" condemed)
_ 20 12
P/D . X 3E.5 7.62 for new wheels
P/D = %g- X %%— = 8.57 when wheels are condemed.
P/D ratios adopted in other countries. (*) are as shown in table 5. below.
TABLE 5. P/D RATIOS
RATLWAY PERMISSIBLE MINIMUM WHEEL REMARKS
AUTHORITY RECOMMENDED DIA. TO CONFORM
P/D RATIO
A.A.R. up to 2,16 252"
German 7.6 | 31.58" 250 mm dia. for 21.5 tonnes
' E axle load at 75 km.p.h. speed.
E Japanese 4.5 to 6 40" | For 3'-6" gauge
L 8 30" New Tokaido lines.
UIC/ORE Not stated 20, 2" Based on UIC/ORE formula and
U.T.S. of 55 T.5:I. for rail.
British up to 7 34,3" Speed not to exceed 55 m.p.h.
* PReference: Rail-Wheel Contact Stresses, by N. Rajamani and K.R. Subramaniam,

Indian Railway Technical Bulletin, May 1968. P54 - 58.
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RATLWAY PRACTICES.

Extensive research and investigation into the types of hopper and bottom discharge
rail wagons utilised on haulage of bauxite throughout the world was carried out, but not any
satisfactory design could be found to suit Alcoa's requirements. Wagons used elsewhere wers
conventional hopper wagons with thrée or four small bottom discharge openings and 30° angle
Slope sheets, both features requiring the use of a car shaker to completely discharge the

bauxite.

-

As a completely self-discharging wagon was evidently the most economical method to aciis
meet the unloading tonnage rates, the decision was made to develop and design a special purpose
wagon specifically for haulage of bauxite.

Conflicting reports on density and angles of slope sheets required to self discharge

bauxite, necessitated the undertaking of preliminary experimental work on a sample quantity of
the bauxite to be hauled to ensure that wagon outlines evolved were compatible with the lading.

Results of this experimental work established the following design criteria :-

(a) Varying of the moisture content, altered the flow characteristics. The
critical moisture content was found to be between 8 to 9%, when the bauxite
proved most tenacious and difficult to discharge. Hence (b), (c) and (d)
below were determined using bauxite within this moisture content range.

(b) Slope sheets need to have a minimum angle to the horizontal of 50°,
(c) Valley angles of less than 55° caused the bauxite to hang up.
(d) A discharge opening as large as possible was required to overcome

arching or bridging of the bauxite.

In addition to the above, railway practice at the time limited the maximum centre
of gravity of the loaded wagon to 5'-8" above rail level.

ESTIMATES OF WEIGHTS AND COSTS.

Estimates of the approximate tare weights, using similar type wagons in service in
other countries as a guide, and costs for an 80 ton gross wagon on conventional design and
construction in mild steel, high yield stress structural steel and aluminium alloy were predared.

The estimated loads, tares and costs of each are shown in Table 6,

TABLE 6. LOAD TARE COST COMPARISONS.

MATERIAL OF MILD STEEL HIGH YIELD STRESS ALUMINIUM
CONSTRUCTION STRUCTURAL STEEL ALLOY
Load/tare ratio ' 2.33:1 2.63:1 3:1
Payload ‘ 56 ton 58 ton 60.0 ton 5
Tare 24 ton 22 ton 20.0 ton
! Material
price/ton $100 $180 §1 200
Cost per wagon $14 400 $15 600 | $21 000

NOTE: The estimated tare for aluminium alloy was later proven to be too high.
The final XC wagons weighed in at 17.1 tons.
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Using the load capacities and tares in Table 6, the numbers of wagons and
trips required, neglecting limits of existing locomotive hauling capacity, are tabulated
in Table 7.

TABLE 7. WAGON NUMBERS AND TRIPS

{ } No. of wagons, gross loads and tares based on load/tare ratios of

gg‘; ;g’; | 2.33:1 Mild Steel 2.63:1 High Yield 3:1 Aluminium
annum | day No. Gross | Gross |MNo. No. Gross | Gross | No. No. Gross |Gross jNo.
wagons | load | tare |of wagons | load |tare |of wagons |load |tare |of
reqd. cap. ton trips | reqd. cap. ton trips |reqd. |cap. ton ‘trips
ton daily -« | ton daily ton f
300 000 |1 200 22 1232 | 528 1 21 1218 | 462 1 20 |1 200 | 400 3 1
600 000 |2 400 22 1232 | 528 2 21 1218 | 462 2 20 |1 200 . 400 i 2
1 000 000 | 4 000 24 1 344 | 576 3 23 1 334 | 506 3 23 |1 380 } 450 J 3

The estimated wagon costs and total capital expenditure for wagon numbers to haul up to
600 000 ton/annum from Tables 6 and 7 are shown in Table 8.

TABLE 8. WAGONS AND COSTS

WAGON COST NO. OF WAGONS TOTAL
LOAD/TARE PER INCLUDING COST
WAGON 3 SPARES
2.33z2) $14 400 25 $360 000
2.63:1 $15 600 24 $374 400
3:1 $21 000 23 $483 000

Since Alcoa, in 1962, doubted that tonnages would ever reach the 600 000 ton/annum
level, the additional cost to build all aluminium wagons could not be justified. The mild steel
wagon construction was rejected on account of the trailing load of an empty train consist
exceeding the existing single locomotive maximum hauling limit of 480 ton on the 5 miles of
1 in 40 grade, thus requiring either the running of additional trips with reduced wagon numbers
or double heading which would be a waste of locomotive power. A high yield stress structural
steel wagon consist would just satisfy this requirement. '

However to appease the clients, Alcoa, who were urging for a wagon design in alunﬁnium
alloy to be used on the haulage of their bauxite, and the Railways to gain design and constructional
experience in the use of aluminium, agreement was reached that the wagon would be of composite
construction using a combination of a high yield stress structural steel underframe and doors with
an aluminium alloy hopper. This action placed the Westermn Australian Government Railways tc the
forefront, in Australia, of the trend toward the use of aluminium alloy in hopper bogie wagon
construction. The only other application at the time, of aluminium alloy in hopper type wagon
construction in Australia, was in Queensland, where a "VJM Class" four wheeled wagon fitted with
a hopper body fabricated from aluminium alloy, mounted on a steel underframe, was undergoing life
expectancy tests in coal traffic.

Preliminary wagon outlines of alternative conventional designs, were prepared and
submitted to Alcoa for their consideration and approval of the wagon concept most suited to their

$hn+

contant.

planned loading and unloading facilities. Ultimately the “XB" outline with curved hopper sices
was first introduced into the Western Australian Government Railways with an aluminium
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IC WORKING STRESSES OF ALTERNATIVE METAL CONSTRUCTIONS

Allowable design stress limits for construction in mild steel to ASS A33 for plate
and ASS B14 for rolled steel sections, as laid down by The Australian and New Zealand Railways

Code of Practice, (*1)were :-

Combined stresses in centre sills and

structural members 20 000 1bf/1n2
Combined stresses in bolsters and

cross bearers 15 000 ]bf/inz
Maximum direct stress 16 000 1bf]1n2

N\High Yield Stress Structural Steel Construction
J

The allowable design stresses for construction in high yield stress structural steel
to BS 968 were, in the absence of a specific Code for railway applications, determined.by
applying the same factor of safety as used for mild steel construction in direct proportion to
their respective yield points, provided these stresses did not exceed the yield point of the
high yield stress structural steel divided by 1.8 (*2) The allowable design stress 1imits_§o B

derived were :- 'y
Combined stresses in centre sills and
structural members "~ 27 000 ]bf]inz
Combined stresses in bolsters and
Cross bearers 22 500 ]bf/inz
ﬁaximum direct stress 24 000 1bf/in2

Aluminium Alloy Construction

In the absence of any specific code covering the application of aluminium alloys in
railway rolling stock, the allowable stress for simple elastic analysis of static structures Tor
tension and bending were derived by using a safety factor of either 2 on the guaranteed yield
strength, or of 3 on the guaranteed ultimate strength (provided that this results in a factor o7
at least 1.67 on the yield strength), whichever gives the higher stress. The satety factors and
the two aluminium alloys selected follow practice proven to be satisfactory from exhaustive tests

on all aluminium alloy self supporting wagons constructed and tested in Canada. (*3)

Allowable basic design stresses for the two aluminium alloys used (*4), using 535¢
filler alloy for all welds, were :- 1

Plate to alloy 5083 - H11A & H321

(see Diagram 2 for buckling diagrams)

Temper H11A was used on the Class XB wagons only. Temper H321 has been used
in subsequent designs.

' Basic design stresses (static)

H11A Temper H 321 Tempar
Unwelded or welded longitudinally 13 300 be/inz 15 500 ijffin:
(see Note 1) .
Transversely welded 10 800 1bf/in® 10 800 1b#/in°
Feference: *1 The Australian and New Zealand Railway Code of Practice, Section C.
*2  Design Manual for High Strength Steels, by H. Malcolm Priest,

United States Steel Corporation. P13 - 14. l

*3 Design and Testing of a Self-Supporting Aluminium Covered Hopper Car,
R.A. Campbell and I.H. Jenks, American Society of Mechanical Engineers
daper nu da t-’ll - ..'-r.'.‘:. - 36 '

MO Cu
¢



allowable
allowable

Note 1

Note 2

Diagram 2.

(Cont.)

Extrusions to alloy 6061 - T6

(see Diagram 3 for buckling diagrams)

Basic design stress (static)

(see Note 2)

FfansverseTy welded

/

Unwelded or welded longitudinally

H 321 Temper

17 500 1bf/in?

8 000 1bf/in2

For each alloy, the allowable shear strength was taken as 0.6 the corresponding
tensile strength, and the allowable bearing stress as 1.6 times the corresponding

tensile strength.

area of the menmber.

The above stresses apply for static structures.

calculation of stresses.
possible fatigue failure.

=,

ress

L = Tamas

\i
N
\

Structures subject to
dynamic Toads, such as railway rolling stock, are to have the accelerating
forces, expressed as a fraction of the dead weight, super-imposed on the
static load, the resultant loads to be then treated as static loads for

Dynamic structures should also be examined for

i Fe ksi

Buckling st

g
Wi
-

;Fbr_design gurpdses s
Temper H32A iand H321
.are eguivalent.' , - ‘.

- 80, 90
Slondorness ratio A

Buckling diagram for 5083 alloy.

Longitudinal welds have 1ittle effect on the overall static strengths of members
provided that the area of weld and heat affected zone is small compared with the
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Diagram 3. Buckling diagram for 6061 alloy.

DESIGN CONSIDERATIONS

The fundamentals of stress analysis for welded aluminium alloy structures on the basis
of the strength of the individual parts or members is essentially the same as for other
engineering materials.

However when designing an aluminium alloy structure, particularly a welded structure
subjected to fatigue loads, it is recommended not to follow existing steel designs but to start
from the beginning. It may well be said that a successful design in steel need not be success ful
in aluminium alloy, but a successful design in aluminium alloy, will also be successful in steel.

Usually where loads are applied to an assembly or transferred within the assembly
difficulty is encountered. The only general rule that can be given is that every load and’
transfer of load must be fully accounted for and that continuous load paths must be fully
resolved. Simplicity of design facilitates this process and leads to more accuracy in design

calculations and also lower production costs.

The main difference between design in mild steel and aluminium alloy welded structures
js that the fatigue strength of welded joints in aluminium alloy is lower then for mild steel
when compared with their respective static strengths. The fatigue strength of welded aluminium
alloy, however, is quite adequate to enable welded dynamic aluminium alloy structures to be
designed with equal performance to mild steel and high tensile steel structures and give
substantial weight savings, which is often the reason for choosing this 1icht material.

({m ]

After a member has been designed for strength considerations, attention shoul
given to any other factors that might dictate an increase in the size. This is particularly trues
in the case of members that are very lightly loaded in service and hence micht not be sufficie

=3

sturdy to withstand handling in the shop, or accidental leoadings which might occur during

assenbly or in service.
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In some fields of steel design, arbitrary standards have been set up limiting the
size of members with respect to slenderness ratio, width-thickness ratio, width-Tength ratio,
etc. When designing in aluminium alloy, in fields where such standards have been set up for
steel, it is advisable to consider how much standards might apply to the aluminium alloy
assembly. No general rules can be laid down here for all types of engineering design, but the
experienced designer should not completely ianore conventional good practice in these respects.

Successful design is also dependent on a clear understanding of the physical and
mechanical properties of the aluminium alloys selected, particularly when the parent metal has
a higher strength then the weld. Of these properties, the most significant are those given by
the stress/strain curve. i.e. strength, elasticity and elongation, the three properties which
determine:ifn varying degrees, the ultimate load a structure can carry.

In all cases, aluminium and its alloys exhibit an elastic range where the stress strain
curve is straight and a plastic range resulting in curvature of the stress strain curve. Unlike
mild steel, aluminium and its alloys do not exhibit a definite yield point as shown in Fig.-2.

The Timit of the elastic range is measured by the 0.2% proof stress and for convenience this is
described as the yield strength. The 0.2% proof stress is that stress which will cause permanent
elongation of 0.2% of the original length of the metal under consideration after the stress has
been released. The slope of the straight part of the curve is described as the modulus of .
elasticity or Young's Modulus E. For all practical purposes its value may be taken as 10000 000 . -
1bf/1n2 regardless of the alloy and temper. '

Aluminium alloys can be divided conveniently into two groups; "heat-treatable" alloys
which respond to thermal treatment to give increased strength, and "non-heat-treatable” alloys,
the strength of which may only be increased by cold work. Heat-treatable alloys will, of course,
respond to work-hardening and are_frequeht]y cold worked after heat-treatment to give higher
‘strengths than could be obtained by heat-treatment alone. The non-heat-treatable alloys may also
be given heat-treatments, such as annealing and stabilizing, which do not increase their strength.

e ettt 0. S
.L —_—
~ULTIMATE P

TENSILE Sl F el B
STRENGTH ;

YIELD STRENGTH

STRESS Ibf/in®

I . STRAIN=INCHES PER INCH
0-002 '

Fig. 2. Typical stress-strain curve for Aluminium alloys.

Both groups of alloys are supplied in various tempers, to give characteristic structure
and mechanical properties. The temper designation being dependent on the condition produced in
the alloy by mechanical or thermal treatment.

Welding of both "heat-treatable" and non-heat-treatable alloys, other than when in the
annealed condition, causes a loss of strength to occur in the heat affected zone of ‘the weld,

and this must be taken into consideration in design. I
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The strength of the heat-affected material in the vicinity of a weld has a minimum value
in a narrow zone adjacent to the weld. Outside this zone, the strength increases until it reaches
the strength of the "unheat-affected" parent metal at a distance that may conservatively be taken
as one inch on each side of the weld, for welds made by the M.I.G. process. If part of the cross
section of a welded member is not affected by the heat of welding, as is frequently the case for
longitudinally welded members, the material adjacent to the weld is reinforced by the higher
strength, "unheat-affected" material at a greater distance from the weld. The tensile strength of
such a part.can be calculated as the weighted average of the tensile strength of the material in a
zone adjacent to the weld and the tensile strength of the material outside this zone.

If Fg is the effective strength of the member in 1bf/in?
Fis the unwelded strength of the parent metal in 1bf]1n2
Fw 1s the welded strength of the heat affected zone in ]bf]inz
A is the total cross sectional area of member in inz
N Ap 1s the area of heat affected zone in in2
then Fg is given by :-

Ffe = F - S0 (F-F)

If the area of the heat affected zone is small compared with the total area then the
strength of the member is hardly affected by the welding. (refer Note 1 page 6 ).

Fe F and Fy may be ultimate or yield strength.

Normal factors of safety may be applied to F, ultimate and Fg yield to obtain a static
desigr stress. The influence of longitudinal welds on buckling stress may be disregarded. The
reduced-strength zone is measured from the centreline of the weld for butt welds and from the
heel of the fillet for fillet welds.

For transverse butt welds, the tensile strength of an undressed butt joint is equal to
the strength of the heat affected parent metal immediately adjacent to the weld bead. In
compression where a transverse butt weld is not associated with buckling, then the design stress
may be as for tehsion.

If the transverse butt weld is at the centre of a colum, or across an unsupported plate,
the failing stress due to buckling should be based on the buckling curve of the welded material
using the welded yield stress.

In the case of heat-treatable alloys, and in particular the fully heat-treated 6000 series,
the loss of strength due to welding is dependant on several factors which include the welding
process used, size of welded assembly and rate of heat input etc. On the assumption that the heat
sink provided by the rest of the welded assembly is large enough to ensure a rapid quench of the
weld, then the strength in the weld area will approximate the T4 condition since this is the
mechanism for obtaining this temper i.e. heating to high temperature (approx. 500°C) followed by a
rapid quench.

In the case of non-heat-treatable alloys, all the effects of strain hardening will be
removed and the alloy can be considered as reverting to the fully annealed condition irrespective of
the welding process, size of weld assembly or rate of heat input etc. From this it follows that
wnere a structural weld must have high strength then an alloy should be selected which has the
appropriate strength in the annealed condition. The most widely used alloy for sheet and plate in
welded structural assemblies is 5083, and is usually associated with extruded shapes in 6061 or
6351 alloy.

Heat-treatable alloys require a post weld heat-treatment to bring the heat affected zone
back to the strength of the parent metal, whereas non-heat-treatable alloys require some -form of
cold working, such as Tocal yielding in the heat affected zone, to cause some strain har:eniﬁg

take place to increase the weld yield strength.
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An advantage of this loss of strength in the heat affected zones of aluminium alloy
structures over similar steel structures is that it is not unusual for some local yielding of
welds, due to the weld affected zone yield being Tower than the parent metal yield, to occur on.
the first heavy load application without damaging the structure. (This is contingent on there
being no cracks in the welds at the points of local yielding). A heavy load application has the
affect of relieving residual stresses created during welding, thus allowing each member of the
structure to perform its function as designed.

The elongation required in the metal to permit sufficient stress relief by yielding is
of the order of 3%, a requirement met by all structural aluminium alloys. Al1 discontinuities
act as stress raisers and although they may be disregarded in static structures they must be
examined in dynamic structures where fatique is of importance.

FATIGUE

— In practice, it is possible for an aluminium alloy member to fail under repeated stress
apricationS, even though the maximum stress is well below the static strength of the material.
Failures under these conditions are known as fatigue failures and result in the metal fracturing.
Fatigue fractures generally appear brittle even though the metal may be quite ductile under static
tests. For fatigue failure to occur, some component of the stress must be tensile.

The fatigue behaviour of an aluminium alloy component is dependent on the mechanical
properties of the material, the detail of the component itself and the nature of the environmen%.
Stress concentrations play a dominant role as fatigue 1ife is dependent on the peak stresses at
points of stress concentration, rather than on the nominal stresses used in ordinary static design.
Aluminium alloys exhibit a marked preference for fatigue nucleation in surfaces, consequently
surface finish and surface stresses are very influential. When a fatigue failure occurs in a
structure, it is almost always traceable to some stress raiser such as a notch, hole or sharp
reentrant corner. Concentrations of stress at such points can frequently be alleviated by proper
design, fabrication and maintenance, resulting in greatly improved fatigue 1ife. Environment is
of importance because there can be interplay between corrosion and fatigue. Fitting of a surface
can reduce the fatigue 1ife of a member. Where there is direct contact between surfaces under
pressure as in bolted and riveted joints, motion, even of the order of elastic strains, can result

in fretting, which can be a factor in the fatigue mechanism.

As a general rule it can be assumed that well-fabricated bolted or riveted joints will
not require fatigue consideration up to about 100 000 cycles, whilst 20 000 cycles would apply to
welded connections,

A]umin%um alloys have not bee shown to exhibit a true fatigue limit, although the
number of cycles before failure can become very large. Reported fatigue 1imit properties fior
polished specimens, expressed as the reversed bending stress that the alloy can withstand for
500 000 000 cycles without failure have generally very little use as a direct basis for structural
parts. In practice the fatigue 1ife of a structure is determined more by the joint configuration
of the connections than by the fatigue limit of the parent metal. For transport applications,
involving structures subject to continuous dynamic loads, the adopted levels of stress, based on
results obtained from practical tests on the particular joints involved (*), are as shown in
Table 9 for the indicated alloys.

* Reference: Strength of Aluminium, by Aluminium Company of Canada Ltd,,
First, Second and Third Editions.
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TABLE 9, FATIGUE STRENGTHS OF A6061, B6351, B5083, AS5454, A5052

|
TYPE OF STRESS . 1 000 1bf/in?

Stress in parent metal :

As produced
At butt welds (beads on) and longitudinal fillet welds

At transverse fillet welds 2
At stitch welds and other discontinuities L5
At bolted or riveted butt joints, on net sections 3

Stress in fillet welds :

Continuous 2
Discontinuous 1.5

The fatigue strengths shown are based on 10 x 106 cycles and well fabricated joints.
Poorly fabricated joints such as undercut or poor weld bead contour will result in lower

fatigue strengths.

Inertia forces resulting from the gravitational forces acting on the moving vehicle
in the vertical, longitudinal and transverse directions can be represented as a fraction of the
deadweight of the vehicle. The generally accepted 'g' factor for railway freight wagons is 0.25,
but codes vary for different commodities.

Forces due to impact such as the coupling up of railway wagons are not usually included
in fatigue calculations owing to the infrequency of such happening. They must however be taken
into consideration in the design of members.

The general method of calculation to check fatigue, using Table 9, is to first determine
the allowable stress in the welded condition, this being the tabulated welded yield stress divided
by a factor of 2. The static stress of the member in question is then computed under loaded
condition. This value multiplied by the 'g' factor of 0.25 must produce a stress below that shown
in Table 9 for the particular joint involved. Further, the sum of this stress plus the static
stress must not exceed the allowable stress. (refer Note 2 page 6 ).

Ideally, welds should be located at points of low stress, such as the neutral axis or a
point of inflection, or be Tongitudinal to the direction of stress in order to affect only a small
portion of the cross sectional area. If all welds could be so confined, they will then carry little
more than shear stresses, their size being related to these forces, and they will have minimal
influence on the overall strength of the parts they join. This however is seldom if ever completely
possible and therefore the basic structural joints are considered. |

From Table 9 it will be seen that if a weld across the direction of stress is unavoidable,
an unreinforced butt joint gives the best performance for fatigue life. However with some alloys
end tempers there is a marked undesirable reduction in tensile strength when transverse welded. The
static strength of such joints can be increased by reinforcing the joint with a splice plate. The
cross sectional area of the splice plate should be proportioned to make up the loss of strength due
to the transverse weld and the length of the splice should be such that the welds in longitudinal
shear are as strong as the increase in strength by adding the splice.

Li7)

Splice plates introduce stress concentrations and hence reduce the fatigue strength of th

Joint. A diamond shaped splice plate with welds run past the points of the plate as shown in Fig. 3

15 the best splice for fatigue loading, as the weld seals the faying surfaces and reduces the peak

snear stress in the fillet welds.
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WELDS RUN OUT PAST Tug

-_;.,,.L POINTS OF THE PLATE.
, DRESSING OF THE RUN.OUTS
ALSO IMPROVES FATIGUE LIFE.

Fig. 3. Splice plate reinforced butt joint.
Lap joints, where used, should lap each other by at least 3 times the plate thickness

and be fillet welded at both edges, as shown in Fig, 4, to resist bending due to the eccentricity
of this type of joint.

3t MIN.

e

Fig. 4. Lap joint.

Tee joints, where used, should have a fillet weld each side as shown in Fig. 5, to
resist any flexing at the weld. Where possible in design one plate should project at least twice
the plate thickness to provide adequate metal for the fillet weld also the strength of the
outer edge of this plate will be free of weld craters and of greater strength than the weld.

| 2t MIN,

L

F e

i

Fig. 5. Tee joint.

Accessibility of weld locations is another important aspect of design affecting
fatigue. It is essential that if quality welds are to be made, the size of the welding torch
in the MIG process will need to be considered, so that joint details and weld sequences do not

make access to some joints difficult or impossible, thereby causing weld defects, such as lack
of fusion or penetration, which can considerably reduce the fatigue strength of the joint.:
Only duty in the field will provide the final answer to the success of a design from

the fatigue aspect. It follows therefore that the final solution is a combination of design and
practical experience.
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USE OF SPECIAL EXTRUDED SHAPES

The design of an aluminium alloy structﬂfe should not necessarily be dictated by standard
extruded shapes, except perhaps in the case of a small one off job. Consideration should be given
in design to the need of a new extruded shape for a specific application rather than making do with

the existing standard shapes.

BOTTOM DISCHARGE DOORS - ORIGINAL DEVELOPMENT, MOCK-UP AND TESTS

Being a bottom discharge wagon, the success of the wagon depended on the design of
suitable bottom discharge doors and operating gear. The door design was therefore developed first
before proceeding with body design. This steel door design is shown in Fig. 6. (The XC wagon

has aluminium doors).
Two essential requirements for the bottom discharge doors were :-

(a) Adequate sealing of doors to prevent spillage of bauxite, which from the crusher ‘
at the mine site, could vary in size from 1" particles down to a fine powder.
(screened 1" mesh)

(b) Ease of opening and closing in service.

The size of the doors, each approximately 21'-6" long x 2'-11" wide, and the
flexibility of the door member in relation to the wagon body between empty and loaded conditionms, .
precluded the use of close fitting components to provide door sealing. Hence the door to bady )
clearance at the ends and along the outside edges of the doors were purposely designed to be
greater than the largest particle size so as to eliminate the possibility of pieces of bauxite
Jjamming between the wagon body and the door during opening of the doors in the loaded condition.
To seal these large clearances a 1ip, higher than the corresponding bottom edge of the body, was
built into the outside edge of the door to form a labyrinth type seal, as shown in Fig. 7, so that
during loading, the bauxite tending to flow through the door clearances will, due to its tacky
tenacious characteristic, self choke off any flow. Sealing of the mating inner edges of the two
doors was achieved by the use of a flexible vinyl strip flap, as shown in Fig. 6, so arranged to
bend either up or down depending on which door closed first, to make a seal irrespective of the
closing order of the doors. '

The size of the doors also dictated that power operation was essential for speed and
ease of operation in service. Double acting air power cylinders, using compressed air piped down
the train from the locomotive, were therefore employed to actuate centrally located over-centre
locking linkages designed to ensure that when the doors were closed, the load would not be released
until the linkages were pulled back over centre by the air cylinders. Photo 9 shows the elements

of the operating mechanism as finally fitted to the wagon, in the door closed position and Photo 10

shows the mechanism in the door open position.

A manually operated safety locking mechanism, consisting of a horizontal sliding pin
passing through a hole in each door end plate was provided so that should a failure of the door
power operated over centre linkage occur when in the loaded condition, the doors will not drop open
and discharge the lading onto the track to cause a serious derailment.
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DOOR HINGE PIN

LOWER EDGE OF BODY OPENING

CUTER LIP

DOOR TO BODY CLEARANCE -
OF DOOR — '

g/_—TOP FACE OF DOOR

% X o T, VT e . o o L e s, . e > —

O TR, P R R

i e T T T —

(f’_\__'S'\'"T"m"“ R
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Fig. 7. Labyrinth type sealing between body and door.

Photo 9. Door linkage in door closed position.
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Photo 10. Door linkage in door open position.

DOOR TESTS OF MOCK-UP.

Because the wagon and door design concept was entirely new, before finalising the body
design, a full size wagon hopper and door mock-up was constructed in mild steel to prové,the door
design and operating gear, check the door deflections and hence stresses under actual loading
conditions and the hopper shape was completely self discharging. Photo 11 shows this mock-up as
constructed with the doors in the open position, the heap of bauxite on the ground having just :

been discharged.

On the mock-up, each door operating mechanism was actuated by a 6" dia. double acting air
power cylinder, all door hinge and linkage pivot bearings were of steel on steel.

Test loadings of the mock-up, using a mobile crane and grab to load 65 ton of bauxite
from a height such as to simulate the compaction occurring under a normal loading operation from
the overhead storage bins at the mine site, were conducted to determine

(a) Door deflections under loaded conditions

(b) Air pressure in cylinders to open the doors under loaded conditions for
(i) dry bearing surfaces
(i1) bearing surfaces lubricated with moly-disulphide grease.

(¢) The self-discharging of the hopper. .
(a) Door deflections, were measured by means of two lengths of piano wire, under a constant
tension, connected between the door end plates and positioned under and in line with the two

longitudinal box sections of the door.

The vertical distances between the wires and door members were measured, before and
after loading, at 3'-6" intervals along the length of the door. The resultant door deflections

are shown graphically in Fig. 8.

Using the door deflections measured, the actual loaded stresses in the door were cbtainad

(5] -

by determining the minimum radii of curvature along each box section from the equation (*) R = g
where R = radius of curvature in inches, L = length of beam considered, i.e. distance between

points of inflection in inches, = door deflection in inches over distance L.

The minimum radii of curvature occurred in the centre of the door and were Ry = 15 900 inc

at the outer box section and R; = 10 600 inches at the inner box section.

* Reference: Applied Mechanics for Engineers, by Duncan. Chap. 8.

~
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Photo 11. Full size wagon mock-up for
proving wagon concept.

Photo 12. Prototypé door mounted
in test frame.

Photo 13. Prototype door with
18 ton test load
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SCALE. VERTICAL-FOUR TIMES

l!- : " 7 i
i : HORIZONTAL _%—=1-0 _

Ry | = 15,800

2 A

Vertical deflection curvature along
outer box section of door.

|

.G OF END . G OF CENTRE ' Q_OF END
HINGE . | HINGE 5 _ HINGE
; R: _
|

=10,600"

;\\\‘“T“"””’/—

Vertical deflection curvature along
inner box section of door.

Fig. 8. Vertical deflection curves of door under loaded conditions.

Then based on f = £L where E = 30 x 106 1bf/in
For RO _‘y't = 2.26 inches
_ 30 x 10® x 2.26 Yp = 3.74 inches
- . 15 900 .
= 4 260 ]bf/inz Ro = 15 900 inches
£ = 30 x 106 x 3.74 Ri = 10 600 inches
c 15 900

7 050 1bf/in

For Ri

30 x 106 x 2.26
10 600

6 400 1bf/in?

30 x 109 x 3.74
10 600

fy =

n

fc=

1

10 600 1bf/in’
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DOOR STRESS RESULTS AND DATA ON BEARINGS.

A comparison of calculated and test stress results indicated that the stresses in the
doors are well within design limits under normal working conditions, as shown in Table 10.

TABLE 10. CALCULATED AND TEST STRESS COMPARISONS

CALCULATED STRESS LBF/INZ AT TEST STRESS LBF/IN2 AT

STRESS CENTRE HINGE CENTRAL LIFT POINT | CENTRE HINGE CENTRAL LIFT POINT
£ 8 300 11 550 4 260 6 400
f. 13 720 19 100 7 050 10 600

The test loadings also showed that the door construction exhibited satisfactory
rigidity to maintain hinge bearing alignment and door to door sealing clearances within
acceptable limits. '

(b) Air pressures required to operate the doors under loaded and empty conditions for dry and
lubricated bearings are shown in Table 11.

TABLE 11. DOOR OPERATING PRESSURES.

CONDITION LUBRICATION AIR PRESSURE REQD. DOOR OPERATION
1bf/in2
Loaded Nil 105-110 to open
Loaded AP-5 Jet lub 70-75 to open
| Empty Nil 45-50 to close
Empty AP-5 Jet 1ub 35-40 to close
Empty AP-5 Jet Tub 15 to open g

AP-5 Jet lub is a moly-disulphide grease

Under adverse operating conditions when wear on the bearings reduced the efficiency
of the door mechanism, the 6" diameter air power cylinders would not have had adequate reserve
of power for operation from the locomotive main reservoir air supply. For this reason 8" diameter

cylinders were fitted to provide a reserve of power.

The period of time taken to discharge the 65 ton of bauxite from the mock-up was
approximately 15 seconds for non lubricated bearings and approximately 10 seconds for lubricated
bearings.

The high utilisation factor expected of these wagons necessitated the door design to

incorporate suitable maintenance free type low friction, longlife bearings for the door hinges

b 2

The ddzal would have been needle roller bearings which have o high

Zar A Fer

- - -

r ooerating linkates,
load capacity in proportion to size and can be lubricated and sezled for 1ife, however nzedle

rollers in this application would have resulted in brinelling and early failure due to the bearing
being subjected to a high unit loading with vibration. A suitable plain type bearing was the

only altemative.
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Tests were therefore conducted, on a test rig, to evaluate the suitability of

available bearing materials as follows :=

(1)
(i1)

moly-disulphide grease.

The test rig comprised a knuckle joint fitted with bushes of the bearing material
The bushes had a nominal bore of 2.125",
To simulate actual working

under test and a hardened and ground steel pin.

Lubron bearings unlubricated.
Glacier DU bearings unlubricated.
(ii1) Casehardened and ground steel on steel bearings, lubricated with

Table 14.

Table 12.
Table 13.

length of 2.125" in the eye and 1.25" long in each leg of the fork.
conditions, & tensile load was applied to the knuckle joint and the pin oscillated through a
90?9 arc for the number of times at the loadings shown :-

Test (i)

Lubron on steel.

Page 21.

GREASE

TABLE 12. LUBRON BEARINGS UNLUBRICATED
Tensile Bearing Average torque Number of
pull pressure to rotate pin oscillations Calculated
Ton f 1bf/in2 1bf-in
1.81 900 1 240 300 .288
3.62 1 800 1 660 300 o L
5.43 2 700 2 200 300 .168
7.24 3 600 2 800 300 .168
Test (i1)
Glacier DU on steel.
TABLE 13. GLACIER DU BEARING UNLUBRICATED
Tensile Bearing Average torque Nunber of
pull pressure to rotate pin oscillations Calculated
Tonf 1bf/in 1bf-in
1.81 900 580 300 132
3.62 1 800 800 300 .096
5.43 2 700 1 740 300 .132
7.24 3 600 2 500 300 .144
Test (iii)
Casehardened steel on casehardened steel bearings lubricated with moly-disulphide grease.
TABLE 14. CASEHARDENED STEEL ON CASEHARDENED STEEL BEARINGS LUBRICATED WITH MOLY-DISULPHIDE
l Tensile Bearing Average torque Number of
[ pull pressure to rotate pin oscillations Calculated
! Tonf 1bf/in 1bf=-in
E i
| 1.81 | 900 1 620 100 372 |
I ——— - ==
| 3.62 | 180 3 080 100 . 360
| 5.43 | 2 700 E 4 800 100 | 372 ?
e = [ I DN | 1
| 7.24 3 60C [ 6 180 10 ; 360 ‘
| i 1
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Due to the high torque to be applied manually, the number of oscillations for

test (ii1) was limited to 100 at each loading.

The test results favoured either the Lubron or Glacier DU bearing, as no periodic
greasing was required. The Glacier DU was selected for its lower value of and stability of
the bushings in maintaining a lasting tight interference fit in their housings.

The successful operation of the Glacier DU bearing is dependent on the journal surface
having a ground finish (*) better than 16 micro inches C.L.A. (British Standard 1124). To
maintain this journal surface finish under the corrosive and abrasive conditions to be
encountered, the journal surfaces of the pins were hard chromed and ground and "O0" ring seals
fitted at each end of the bushes to exclude the abrasive dust. '

The incorporation of these features into the wagon design have proven highly success®ul
in that the doors fitted to the first batch of wagons, placed in service in 1263, have required
no maintenance to the pins or bushes. In 1971 the doors of several wagons were removed ta caryy :
out some derailment damage repairs, and inspection of the Glacier DU bushes and pins revealed ﬁhnf:

negligible wear had occurred, the bearings had only bedded in after some 8 years of continuous
service. After the repair work, the doors were re-assembled into the wagons using the existing

pins and bushes.

(¢) Self-discharging of the hopper was observed to be incomplete, the bauxite hanging up in

the vallev anales where the side walls joined the end slope sheets and at Tocations along the
side walls where the vertical stiffeners and side wall s]ope'to vertical sheets intersected.

The results of these findings led to the adoption, on the final wagon design, of curved side

walls with minimal vertical stiffeners and the addition of formed coving pieces to eliminate

undesirable valley angles, i.e. the "cleanline concept".

PROTOTYPE DOOR TEST OF "XC" WAGON:

The prototype door was sﬁspended in a frame and a sand bed 6" deep was provided, as
shown in Photo 12, to eliminate local concentrations of load on the door plate. The 18 ton fest
load can be seen in the left foreground.

Prior to the bonding of strain gauges to the door, a distributed load of 18 fons was
firstly loaded on the door see Photo 13, enabling a check to be made for possible weaknessés in
design or manufacture, and also allow possible release of some residual stresses created during
welding, permitting realistic stress values to be obtained from the strain gauges.

APPLICATION OF STRAIN GAUGES,

To evaluate stresses, 7 single and 5 rosette strain gauges were attached to the proto-
type door at carefully chosen locations as shown in Fig. 9. Typical gauge applications in the
area of the centre support plate are shown in Photos 14 and 15. A general view of the door and
test equipment is seen in Photo 16, the sand bed having been removed for the application of the

strajn gauges and circuits.

Gauges were Philips types PR 9811 (single) and PR 9815 (rosette) electrical

resistance strain gauges.

* Reference: Designers Handbook No. 2 (Second Edition), The Glacier Metal Company
Limited. P.10.
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A1l gauges were applied in the same manner., First a small area was roughened with
carborumdum cloth and then cleaned with trichlorethylene. The rapid hardening cement achesive
was then applied to the door and the back of the gauge. The gauge was then placed in the
desired location and covered with a piece of teflon sheet. A pressure pad comprising of a
piece of rubber set in a U shaped piece of wood was used to apply equal pressure on each gauge.
After the adhesive had fully set, the pressure pad and teflon sheet was removed.  The gauge was
then waterproofed by wax followed by a synthetic rubber compound. A compensating gauge was
similarly applied to a piece of aluminium alloy plate and waterproofed. Lead wires of 10/.010 PVC
connecting wire were then run from the compensating gauge (on the compensating plate) and the
active gauges (on the door) to a gathering point at the end of the door. The compensating gauge
plate was clamped on the door. Twenty feet of Tead wire was used for all gauges, irrespective of
the gauge Tocation. Each pair of leads were bundled and taped together to avoid possible
inductance and capacitance changes. The use of shielded wire leads was not considered necessary
because of their short length.

Test equipment comprised of -
One Huggenberger Type 1T 1 Strain Indicator
One Huggenberger 24 position Switch Box.

This equipment is shown connected up, prior to final testing of the door, in
Photo 17.

Static Load Test

After all strain gauges were bonded in position, protected, and circuits checked, the
sand retaining frame and sand bed (0.5 ton) were replaced and a 10 ton load of pig iron ingots,
making a total test load of 10.5 tons, were loaded on the door as shown in Photo 18.

Test Stresses

The rosette strains were converted to stresses using Mohr's circle to derive the
principal strains, the principal stresses were then calculated from the equations (*)

1 “- L] -
fy = ( {f _t:?;z) - fag # T - uz

principal stresses

where fl and f2

£, and & = principal strains derived from Moh's circle
AL = poisson's ratio
B = modulus of elasticity

Shear stress fg L (f1 - fo)

The strain for any single gauge was converted to stress by multiplying the strain by
the modulus of elasticity for aluminium,

The principal stresses for the 10.5 ton load were then corrected by multiplying by a
factor of 1.71 to give the stresses for an equivalent 18 ton load, this being the maximum load
imposed on the door by a column of bauxite 9'-0" high.

|
The test results showing gauge, location, type and stresses for an equivalent 18 ton
load, to be read in conjunction with Fig. 9, are shown in Table 15.

* Reference: Elements of Strength of Materials, by Timoshenko and Young.
Rth aditinn Chan 7
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TABLE 15. STRAIN GAUGE TEST RESULTS

Page 24.

STRESS 1bf/in?

|
GAUGE LOCATION TYPE i
i
E
| A Outer surface of spill coping, Rosette fy = 4020
; at centre support plate. fz = 1 820
; fs =1 100 | |
l B Top face of door above central Rosette f, = 4030
| longitudinal web, at centre f, = 2 090
I support plate. f = 970
L s
|
' g Top face of door near inner Rosette fy =5 480
edge, at centre support plate. f2 =2 530
fs =1 470
D Vertical face of inner Rosette fl = 3 330
Tongitudinal box section, near fé = 2 880
centre support plate. fs = 3 100
E Under side face of longitudinal Rosette f, = 4 850
box section, below central fé = 1 860
web, fg = 1 490
F Centre support plate cut out Single f =2 660
] radius
G Centre support plate, side Single f = 510
edge of central hinge.
H Centre support plate, top edge Single £ =78%
of central 1ifting point.
J Centre support plate, side edge Single £ = 100
of central 1ifting point.
K Quter surface of spill coping Single f = - 300
L End support plate, side edge Single £ = 870
of end hinge.
M End support plate, inner vertical Single £ =4 350

face near top of door.
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Fig. 9. Location of strain gauges on door.

Where fl = Maximum principal stress
f2 = Minimum principal stress
fs = Maximum shear stress
f = Principal stress in direction of gauge

A positive value denotes tension

A negative value denotes compression :
The test stresses in the top plate of the door at the centre support plate agreé

favourably with the theoretical stresses, indicating that a good design approach had been used.

The stress level at gauge H was considered high, so the centre support plate thickness was

increased from %" to 1" thick plate,

Because of the unknown damaging effect of loading, at the No.2 mine site, bauxite
greater in size than one inch from a height in excess of 10'-0", on to the door plate, it was
deermed advisable to increase the 5/16" thick plate of the prototype to 3/8" for the final door
design see Fig. 10, the resulting weight increase being insignificant compared with the extra
resistance to denting.

e

The extruded sections were designed to provide good access for welding with no weld

1]
L

preparation or temporary backing strips required for the butt welds. All welds in the high stress
areas are longitudinal except where butted and fillet welded to the end and centre support plates.
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N OF THE "CLASS XC" ALUMINIUM WAGON

WAGON BODY DESIGN. CRITERIA.

The introduction of Standard Gauge (4'-8%") railway operations and rolling stock, on
the Westem Australian Government Railways in 1966, created an awareness in the design staff of
the short comings of designing rolling stock to the then existing Australian and New Zealand
Railway Code of Practice, (this code has since been revised to conform generally with the
standards as laid down by the Association of American Railroads) and for existing standard
W.A.G.R. type drawgear capacity limitations.

Therefore, to provide for trains of 10 000 tons on 4'-8%" gauge, desigons of rolling

i

stock were based on the requirements of the Association of American Railroads. "Specification
for design, fabrication and construction of freight cars". (*)

Policy was also determined that the design strength of all new designs of 3'-6" cauge

rol1ling stock should be such as to allow possible future conversion to 4'-85" gauge. ¥ '\

In accordance with the above, the all aluminium alloy bauxite wagon structure was

designed to meet the following requirements :-

Maximum draw-bar pull 540 000 1bf Clause 4.2.2.4
' 300 000 x 1.8 F of §)
Working draw-bar pull 300 000 1bf Clause 4.1.8
Maximum buffing load applied at
one end of car 1 000 000 1bf Clause 4.1.10.1
Working buffing load 300 000 1bf Clause 4.1.8

The wagon structure has also to be able to resist a static end Toad of 800 000 1bf
Clause 4.1.9 applied at the rear draft stops without causing ény permenent deformation of the

structure.

DESIGN OF ALL ALUMINIUM ALLOY WAGON - CLASS XC - GENERAL NOTES

At the time of commencing design of the all aluminium alloy wagon, Alcoa were
preparing to move mining operations to their No. 2 mine site. The Toading of the wagons wbu]d
then be carried out in a tunnel, simultaneously loading eight or more wagons at the one spotting
of the train. It was therefore essential that the new wagon design be built to the same lencth
over couplers as the existing composite wagons to match up with the wagon loading door centres
in the roof of the tunnel.

This meant that to retain the same gross weight on rail of 80 ton and thus obtain the
maximum advantage of 1light weight aluminium alloy construction, the new design would require
increased hopper load carrying and hence volumetric capacity, equivalent to the reduction in tare

weight of approximately 4.5 ton.
The 4.5 ton weight saving was based on :-

(2) an all aluminium alloy body of monocogue construction, in lieu of the composite
steel and aluminium alloy, to give an estimatedweight saving of 3.3 ton.

(b) bottom discharge doors constructed in aluminium alloy, in lieu of low alloy high!
tensile steel, to give an estimated weight saving'of 0.8 ton/wagon

* Reference: Association of American Railroads, "Specification for Design Fabrication
and Construction of Freight Cars".
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(c) the use of specially designed bogies with integrally mounted brake cylinders and

single high friction composition brake shoes (similar to Wabcopac), in lieu of the
conventional brake lever type braked bogies with clasp brakes, cast iron shoes and
underframe mounted brake cylinders, to give an estimated weight saving of 0.4 ton/wagon.
This type of bogie also simplified the wagon body end design.

Because of the Tow speed of operation in the loaded condition of 35 m.p.h., laid down
by the Civil Engineering Branch, the increase in hopper volumetric capacity was achieved
primarily by an easement of the maximum allowable centre of gravity from 5'-8" to 5'-10" above
rail in the loaded condition for bogie wagons. The design of the new loading tunnel at the No.2
mine site catered for the resulting 9" increase in wagon height.

To avoid having to increase the side wall thickness above 5/16" plate, a reasonable
radius of curvature had to be maintained, resulting in a reduction in the width of the bottom
door opening in the wagon body from 5'-5" to 5'-0", also to fit bogies with the air brake '
cylinders mounted integral in the brake beams required an increase in the distance between the
axles on a bogie from 5'-6" to 5'-9", which resulted in a reduction in the length of the bpttom
door from 2'-6.3/4" to 2'-0,3/4". The reduction in the width of the opening made it necessary to
redesign the location of door hinge points and hence the door design.

BOTTOM DISCHARGE DOORS.

The criteria and method of operation for the bottom discharge door in a]uminfum al Toy
were the same as used for the steel doors (ref page 13 Section 6.)

DOOR LOADINGS.

The door loading was again conservatively taken to be equal to the height of the'
colum of bauxite on the door, being 9 ft., which, at a density of 86 1b/ft3, produced a unit
loading of 774 ]bf/ftz, equal to a total load of 18 ton on each door.

END HINGE

CENTRE HINGE

i

ENDI H‘lN.GE | | CE? ;AL
e ' -

l

2 ~6" LOADED \
WIDTH OF om: DOOR

¢ os: WAGON

Fig. 11. Door Geometry.

The dimensions of the door varied slightly from the previous steel door, the reduction
in width and length and the need to reduce the transverse distance between the hinge and central
lifting point assist in reducing the bending and torsional moment on the door. The suspension

paoint locations and door geometry are as shown in Fig. 11.
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The support reactions being derived as follows :-

1"

21.06' x 2.5' x 774 1b
40 630 1b

load per door

~ Page 3.

Assuming the three hinge points to act as one in the centre, the centre hinge and

central 1ifting point maximum reactions, based on the 40 630 1b total l1oad being uniformly
distributed over the 2'-6" transverse width of door will be :

M about R

L 40.630 Tb dist
_ 92 212 -
"'2_ X1355+—2 X13:)5-17 RR T ) J
RR = 14 340 1bf at the central 1ifting point, gt 17" 4"
and RL = 26 290 1bf = the sum of end hinge and RL E Rﬁ

centre hinge reactions.

Considering now the centre hinge and central 1ifting point as one and treating
the door longitudinally as a continuous beam on three supports, the hinge maximum reactions

using the continuous beam equation will be :-

For centre support reaction.

40.630 1b dist

UNIT LOADING = 1 355 1bf in.

AVAVAVAVAVAVAVAVAY,
R, = 1.25 x 20~ 25 400 bt ] W
Each end suppart reaction
10.53" 10.53"
Ry = Ry = 7 615 Tbf. -
R R R
1 2 3

The estimated reaction on the centre hinge point

R2 - RR = 25 400 - 14 340
= 11 060 1bf

Summary of reactions are :-

end hinges = 7615 1bf each
centre hinge = 11 060 1bf
central 1ifting point = 14 340 1bf

To provide adequate door to door sealing for the aluminium alloy doors, the door

deflections under loaded conditions should approximate those of the existing steel door design.

To meet this requirement in aluminium alloy, a door section approximately 45% deeper than the

existing steel door would give similar rigidity, as to obtain equal rigidity -

moment of inertia in aluminium alloy _ 3
moment of inertia in steel

DOOR DESIGN.

As stated earlier, under "Design Considerations", a successful design in steel nee

=

-

not be a successful design in aluminium alloy and this case was considered to be no exception

to this rule. Adaption of the steel door design in its present form to aluminium alloy was

considered unsatisfactory and a new approach was taken.

The aluminium alloy door design as finally fitted to the wagon, shown in Fig. 10, is

built up from a formed top plate and two specially designed extruded sections.

The length

door was divided in two and each half butted against the centre support plate and welded all

f the

around, thus providing over twice the length of weld as would be possible with a continuous one

piece length door.
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To prove the viability of constructing such a sized door in aluminium alloy, a prototype
The door was the

door design was first prepared and fabricated out of plate in alloy 5083 - H1I1A,
subjected to simulated loaded conditions and stresses checked with strain gauges.

The fabricated door section considered was as shown in Fig. 12,

Section propertics of door

g

i

PR,
8-257110-31"

3 I | <
N.A. ©)
A 0:31"] 8-25%1031" 8-25%] 0-31"
g : i il
-3~ L_—t l a3 .
: 5 e 6
25" S .18-5" 8”
I GREEE
el o den

Fig. 2.

Summing moments about top face of door section shown in Fig. 12

: [ : N
ELEMENT | b(total) ¢ | A vy Ay A | Teg (element) |
! | '

1 27 0.31 | 8.37 | 0.15 | 1.25 0.2 0.06

2 0.94 8.25 7.75 4.43 | 34.35 152.2 43.98

3 18.5 0.31 5.73 8.71 |49.95 | 435 0.04

21.85 85.55 587.4 44,08

y = 85,55 = 3.9"
21.85
Ty = Icg (element) + Ayz - Ayy

= 44.08 + 587.4 = 85.55 x 3.9 !
= 296 in*

Door deflections should be within the existing steel design as the moment of inertia
for the aluminium alloy door section is over 3 times that of the steel door section wWithout
taking into account the slight reduction in the span between supports for the aluminium alloy
design.

Considering now the door as a continuous beam on three supports, the maximum bending

moment occurs in the door at the centre hinge and central 1ifting point, and using the equation

3
ﬂ%— =M1+ &M 1+ M1 w=1935 1bf/ft
0 1=10.53 ft
M, =wl g oa N s
b —8' -la I.c O
1935 » 30.53 x 10.53 x 12

8
320 000 1bf in,

I



The stresses at the centre of the door due to this bending moment are :-

re Y

- 320 000 % 3.9
t 296
4 220 1bf/in2 (tension on top of door)

_ 320 000 x 4.975
c . 296

5 380 lbf/inz (compression on underside of door)

The additional stresses due to the effect of the cantilever load considered to act
on the area shown shaded in Fig. 36, were calculated by considering each span of the door as a
cantilever beam, fixed at the centre hinge and supported at the end of the door, (in line with
the end hinge), with a 774 1bf/ft2 unit loading varying from zero value at the centre hinge to a
maximum at the end hinge. The distribution of these additional stresses at the centre of the
door, was assumed to be a maximum at the inner edge, diminishing to zero at the outer edge.

R, = 9u1%
1 4 CENTRE 4
= 3 200 1bf HINGE 4
_ 11w1? mD ft
T m 1129 1b
CENTRAL
= 3910 1bf ; [
3 LIFTING .
Moo= Il ] £L
T 120 POINT - END
= 7 x 129 x 10.53 x 10.53 x 10.53 x 12 ‘ A
= X X i 132'(0 5 X 5 X i 10.53" .
= 104 530 1bf in Ry R,
£ o= ?ﬁ
;. 104 530 x 3.9 I = 296 in’
’ . e . ) yt = 3.9 in
= 1 380 1bf/in" tension on top of door y, = 4.975 in
_ 104 530 x 4.975 _ 5z
fc = T M 104 530 1bf 1in.

1 760 ]bf/inz compression on underside of door.

The maximum resultant stresses, at the inner edge of the central 1ifting point
are :=-
5 600 1bf71n2 tension on top of door.
7 140 1bf/1n2 compression on underside of door

4 220 + 1 380
5 378 + 1 760

v
fC

]
1

To allow for dynamic loading, the above stresses are multiplied by a factor of 1.25.

7 000 1bf/ind
8 925 1bf/in’

Tt

fe

5 600 x 1.25
7 140 x 1.25

Since the welded strength governs, due to the transverse weld of the door section to
centre support plate, the allowable welded strength, in the top for 5083 to 5083 alloy is
10 800 Ibf/inz, and in the bottom for 6061 alloy to 5083 alloy will fall between 8 000 and
10 800 Ibf/inz, possibly in the order of 9 400 1bf]1n2. Both the tensile and compressive
stresses are within the allowable.

X ; ; I
The fatigue strength for a transverse fillet weld, from Table 9, is 2 000 1bf/in".
The dynamic component of the above stresses both fall within this limit.
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FORCES ACTING ON THE STRUCTURE OF THE WAGON

The weight of the wagon body and lading corresponding to an all up weight on rails of
179 200 1b. is reacted by vertical forces at the bogie centre plates.

Total weight on rails = 179 200 1b.
Weight of bogies (2) = 19 700 1b.
Weight of wagon body and lading = 159 500 71b.

The vertical static reaction per bogie

- 159 500 _
.VS W g (R 79 750 1bf.

These loads are shown in Fig. 13.

The above loads will need to be multiplied by a factor of 1. 25 to allow for dynamic
conditions when the wagon is running at speed.

W 159,500 b UNIFORMLY DISTRIBUTED
i P

i )
el A -
== : i
iR Si=
A A
31-9” (381 BOGIE CRS
73,750 bf - L s Y T

Fig. 13. Vertical Static Loading

Resultant shear force and B.M. diagrams for static and dynamic loading are
shown in Fig. 14 and 15.

+99,700 Ibf /———S.FD FOR LADEN WAGON — DYNAMIC CONDITION
+78,750 lbt S A . FOR LADEN WAGON-— STATIC ' CONDITION

bl v o R \J o
| : ST £79.750 (bf

-89,700 \bf

Fig. 14. Shear force diagram for static and dynamic vertical Toadings.

: 8.M.D, FOR LADEN 'WAGON
-+ 8,500,000 Ibf in e / » _ ol o
*7.600.000 Ibf in ___;____ e '-.{ DYNAM‘C CGNDHLOu\

B.M.D. FOR LADEN WAGON
—STATIC CONDITION

N

_Fig. 15. B.M. Diagram for static and dynamic yertical Toadinas.
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T i + s
Impact Loading

The maximum buffing load of 1 000 000 1bf is assumed to act through the draft gear at
a point 2.45 ft. above rails and is reacted by the inertia of car and lading as follows :-

N
(1) 120000 X129 700 - 139 000 1bf by the bogies, applied at the front bogie

centre plate, 1.72 ft. aboée rail level.
12) 1 000 000 - 110 000 = 890 000 1bf, applied by the inertia of structure and
lading, acting at 6.4 ft. above rail level.

These reactive inertia forces create a pitching moment Mp’ tending to rotate
the wagon about the leading bogie.

890 000 x (6.4 - 2.45) - 110 000 (2.45 - 1.72)
3 437 000 1bf ft.

§
1P

This pitching moment Mp is resisted by moments Mw and Mi due respectively to the
weight and rotational inertia of the laden wagon.
The reactive moment due to the weight of the wagon and lading -
31.75
Mw 159 500 x 5
2 532 000 1bf ft.

The balance of the pitching moment is reacted by the inertia moment of the body and

lading mass rotating about the leading bogie -

Mi = Mp - Mw = 3 437 000 - 2 532 000

= 905 000 1bf ft -

The validity of designing this wagon for a 1 000 000 1bf impact force is doubted, as
since Mﬁ is positive, it follows that no vertical load remains on the trailing bogie. The weight
of one bogie is 9 850 1b, therefore a trailing wagon will be required to exert a downward force
through the coupler to hold the trailing end of the impacted wagon down on the rails for a
1 000 000 1bf impact force.

The equivalent vertical reaction, at the leading bogie, forming part of the_inerﬁia
couple to meet the 1 000 000 1bf requirement, assuming assistance from a trailing wagon,

905 000 i
Y& % ZE X a5 42 760 1bf

Total vertical reaction at the leading bogie centre

V = 159 500 + 42 760 = 202 260 1bf

A11 these forces are summarised in Figs. 16 and 17.

/

1 /]

- .
M i
i . ! “
; R Pt L A I A S A M I Al e B g R R

; e 49
L/ % x 3175 y
W'Vi : 3

=5

31-75°

Fig., 16. Reactive moment due to inertia.
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199,500 Ibf WAGON AND 42,760 Ibf WAGON AND LADING INERTIA

LADING WEIGHT

|

| » 7

L] e : ,
890,000 [b# ! l i
; \ WAGON AND 4
1000000 {bf ) \ LADING INERTIA P
BUFF e = 7 )
LOAD

SECTION PROPERTIES AND STRESS ANALYSIS.

4 110,000[lbf

BOGIE INERTIA
202,260 Ibf VERTICAL REACTION

Fig. 17.

Static Loading

Impact loading.

Considering the side walls of the wagon as a relatively short thin webbed beam

resisting the overall bending moment due to the weight of the wagon and lading.

Section properties of the side wall,

neglecting that small portion of the side

wall below the side sill extrusion, are shown in Fig. 18.

™
| &
NoAs 2 - e :
TR rore e g SIDE PLATE EXTRUSION (Fig. 20 |
: A= 8:3 in?
N lxx——" 71’9“\4
Rk
RSl
9 78" LENGTH OF PLATE
3 A = 288 in?
= X i R
O j? -
&
o
=w
o
% () ]
O ™
o
&
b | !
| "N O SIDE SiLL EXTRUSION (Fig. 19 )
; “smh mL[_WE_\\ ¥ A= 9.6 in?
"-.| = 73:9 “
o X in
Fig. 18. Effective bodyside section
ELEMENT A y Ay Ay® Icq (element)
I
1 9.6 2.78 26.6 74.2 | 73.9
| 7
2 28.8 43.3 1 247.0 53 997.0 | 18 950.0 ,
3 8.3 83.3 | 691.4 | 57592.8 | 71.9
46,7 65 111 664 19 095.8
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_ 1965 _ .
= 5= = 42.06

b

Ixx = 19 095.8 + 111 664 - (1 965 x 42.06)

= 48074 in®

sgetion wronertiics of side pill extrusion

) (D) A=0:3in
ka AR .—|- i —i— cr— :
= /_—/l-/-<_®£\w0-75!n
; b '
‘ (3 A=0-5in
- ‘—1- '. §c\ﬁ
o "9 Amiarinl |
£ *f
~| s
X X
LY
b=
& A=1:50n
(]
T & '{
- (BhA=3}37In & &
g 224
Fig. 19. Side sill extrusion
7 ;
ELEMENT A ¥ Ay Ay2 Icg (element)
1 .3 7.87 2.36 18.6 _ -
2 0475 7.8 5.85 45.6 -
3 0.5 7.18 1 3.59 25.8 -
|
- 1.87 4.97 | %9.32 46 .4 2.2
5 1.5 1.8 257 4.86 0.8
6 3.37 0.25 0.84 0.21 8.1
7 131 1.56 2.04 3.19 0.4
9.6 26.7 144.66 = N
you 8L o .78

3.5 + 144.6 - (26.7 x 2.78)
4

I
XX

73.9 1in
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_:io._(':'l;ion 111'01)01"‘{:103 of gmide nlotbe exirusion
' | D A=2:940
- ?
R ¥ W ‘ . el .
2 0 oy =
o
o A~0415in
aq '}:-, ' ;
@ ™
& s, ¢ -+ X MG A%
e :
= ﬂﬁt) A=2-811n i
=
o=
Fig. 20. Side plate extrusion ’
2 [ {
ELEMENT A y Ay Ay Icg (element)
1 2.94 0.25 0.73 0.18 .06
d 2.91 3.4 9.89 33.64 8.2
3 b dl 7.2 15.26 109.9 0.4
a 0.2 7.0 1.4 9.8 -
5 0.15 0.7 0.1 [ 0.07 -
8. 32 27.38 153.59 8.66
= _ 27.38 _ "
y = gz = 3.3
Ixx = 8.66 + 153.59 - (27.38 x 3.3)

= 71.9 in%

Effective top chord area
i o I _ 48074

t yth © 31.24 x 80.52

14.48 in®

Effective bottom chord area

A = L _ 48074
A 39.28 x 80.52

2

15.2 1in
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Flexural end load stresses at centre of wagon

The geometry of the effective chords and side walls is shown in Fig, 21,

. SIDE PLATE-

CENTROID HEIGHT OF
BEAM h=60'52"

-

SIDE SILL

Fig. 21. Geometry of effective chords

The Toads are shared equally by the two side walls.

The side plate and the side sill are assumed to form respectively the top and-bottom}
chords of the beam. The side wall is assumed to carry the shear. '

Static Stresses

From Fig. 15 the maximum bending moment at the centre of the wagon = 3 800 000 1bf.in.

per side.
Effective area of top chord = 14.48 in°
Effective area of bottom chord = 15.2 inz
End l1oad in top chord due to overall bending = §_§g23299_= 47.200 1bf compressive

. "« Maximum stress in top chord
47 200
14,48

47 200 1bf tensile

3 260 1bf/in® compression

I

due to overall bending

I

End Toad in bottom chord

.. Maximum stress in bottom chord
due to overall bending " 4§5220 = 3 100 1bf/in® tension.

Dynamic stresses

From Fig. 15 the maximum bending moment at the centre of the wagon = 4 750 000 1bf in.

per side.
End load in top chord ‘
due to overall bending = E_%%QE%QQ_ = 59 000 1bf compressive
Maximum stress in top chord
due to overall bending = 2% = 4100 1bF/in2 conpression
End load in bottom chord
due to overall bending = 59 000 1bf tensile
.°. Maximum stress in bottom chord
. _ 59 000 _ o AP . i
due to overall bending = T - 3 880 1bf/in~ tension

Shear web stability of side wall

The effective panel dimensions used in the design are shown in Fig. 22. The
side panel length contained between the end wall and first diaphragm governs.
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b

PROJECTED
PﬁNEL
HEIGHT
= 70"

Fig. 22. Panel geometry

Panel data length a = 78"
' width b = 74"
radius R = 81.5"
thickness t = 0,3125"

. a R %
Since ¢ < 9 (%)

The equivalent slendermess ratio
o

Ry3 a (tyhs | %
A= 2.8 { P° & @ }

f.81.5 3 78 0.3125\% | %
2.8 4 o)’ s Cors) }

= 90

I
The above A is for a complete tube of 81.5"R.
Allowing for Timited panel width

A
}\-= T 12

1+ (g

90

0.3125 2
1+ (—-?E—-x 90)

= 84

From the buckling diagram for 5083 - H321 alloy (Diagram 2)

= = 1 2
Fcr Chs 0.6 x 13 000 = 7 800 1bf/in

A = 7 800 x 0.3125 = 2 440 1bf/in

The vertical reaction at the impacted end of the wagon from Fig. 17 is 202 260 1bf
and is shared equally by the two side walls
. Average shear flow in each side wall

_ 202 260 _ :
Qay ™ = T, 1 440 1bf/in

The critical shear flow is 2 440 1bf/in
Hence the reserve strength factor is

R.F. = 2440 = 1.7
1 440 '
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Static shear stress in side wall of loaded wagon

The static vertical reaction at the end of the wagon is
V.= 79 750 1bf from Fig. 14, which is shared equally by the two side walls

.". Average shear flow in each side wall

_ 79 750
av 2x70

The critical shear flow is 2 440 1bf/in.

q = 570 1bf/in

Reserve strength factor under static conditions
R.F. = 2440 = 4.2

570

Dynamic shear stress in side wall of loaded wagon

The static vertical reaction at the end of the wagon is
V. = 99 700 1bf from Fig. 14 which is shared equally by the two side walls

Average shear flow in each side wall

_ 99 700 ;

Ry ® “opum 710 1bf/in.

The reserve strength factor relative to the critical shear
_ 2 440 _

R.F. = = - 3.4

Since the working shear flow is defined as % of the critical shear flow, a reserve
strength factor R.F. greater than 2 with respect to the critical shear flow implies that the
working stresses are not exceeded.

STUB SILL ANALYSIS

Properties of Centre Stub Sill
otub B811) Analysis. |

Prownersties of CGentre Stuvb $ill

28-8757 % FOR 0:5 PLATE
. i A o) 15t = 7.5"
7+5"% 110:5" 12-875 05" 7.5"x 5 .
- x w olir 3 :
i _’/_@- o‘l‘ ST :
3 “ 2 : s I 7 !
&
'ln‘ X NAL ' ’ (g}—\k !
: Caki X . ’
T -
=T Vel
% ﬁ r‘\J
. ; —
S e E ac iR
e - et .
i I I ' "
,
5!: $
Fig. 23. Centre stub sill section =
|
ELEMENT | b (total) d A y | A Icg (element)
|
1 28.88 0.5 | 14.44 | 12.75 | 183.6 | 2 340 | 3.0
2 1.0 11.44 11.44 | 6.78 77.6 f 525 125.0
: !
3 10.0 1.06 10.6 0.53 5.6 | 3 | 1.0

36.48 266.8 2 868 129.0
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= _ 266.8 »
Y = %is 7.3
I = 129 + 2 868 - (266.8 x 7.3)
XX z
= 1049 in
_ ) o
Zeon =1 ?29 184 1in
_ 1049 _ .3
Zbot = --7-.—'3'—- = 143.7 mn

IMPACT LOADING

High impact forces of 1 000 000 1bf, equivalent to two 80 ton wagons colliding at
approximately 12 m.p.h., are usually encountered too infrequently to contribute to a significant
amount of fatigue damage, provided the stresses created during impact have a positive margin of
safety on the yield strength of the material. A reserve factor under this impact force in
excess of 1, in re1af10n to the yield of the condition of the aluminium alloy, is essential for
good design.

The 1 000 000 Tbf buffing load is applied to the stub sill through the rivets of the
centre filler rear draft stop casting, in a manner consistent with the rivet geometry, resulting
in the distribution shown in Fig. 24.

The buffing Toad is considered partially reacted by a 110 000 1bf inertial load from '
the bogies at the bogie centre plate bearing surface 8.85" below the centre line of the coupler.
The remaining 890 000 1bf is assumed to be transferred to the bodysides via the shear plate to the

side walls, giving a uniform shear flow (neglecting shear lag) of 890 000 = 7 640 1bf/in.
116.5

56:5" E ‘60" T\\\\
lli ' it - i |

1,000,000 (bf 6-62" 850,000 Lbf ' IL i
~ tees” | | 1
“ e ey

110,000 b

Fig. 24. Impact loading on stub sill

The Toad system shown in Fig. 24 gives risg'to a couple
M 1 000 000 x 6.62 - 110 000 (6.62 + 8.85)
6 620 000 - 1 701 700 = 4 918 300 1bf in.

1

This couple is assumed to be reacted by the torsion box webs and main stiffeners
in contact with the shear plate over a length of 69".

The forces reacting the couple are assumed to be uniformly distributed over a length
of 23", being one third the length of the torsion box web and stiffener, at each end of the line
of contact. '

The distributed load at each end of line of contact =

P = 1 X

WM =

4 918 300
46 x 23

4 650 1bf/in.
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The stub sill system under impact loading is shown in Fiq. 25,

Page 15.

Stresses in Stub Sil1l due to 1 000 000 1bf Impact Load are shown in Table 16.

TABLE 16. STUB SILL IMPACT LOAD STRESSES

Distance Bending s%ress Direct stgess Combined Etress
from 1bf/in 1bf/in 1bf/in
heads tock
inches Top Bottom Top Bottom Top Bottom |
0 0 0 0 0 0 0
42.5 LH + 10 058 - 12 879 + 8 900 + 18 958 - 3979
42.5 RH + 12203 - 15 626 - 2 859 + 9 344 - 18 485
49.5 LH + 13 860 - 17 747 -1 393 Saimg + 12 467 - 19 140
49 .5 RH + 10 939 - 14 008 + 114 o + 11 053 - 13 894
56.5 + 13229 - 16 940 + 1 580 top “+ 14 809 - 15.360:
63.5 LH + 11018 - 14 108 + 3 046 fibre + 14 064 - 11 062 |
63.5 RH + 8 098 - 10 369 + 4 554 + 12 652 - 5 815
69.5 LH + B 637 - 8 498 + 5 810 + 12 447 - 2 688
69.5 RH + 9 492 - 12 154 -9 841 - 349 - 21 995
] 116.5 0 0 0 0 0 0
Note Tensile stress shown +ve, compressive shown -ve.
115‘-51__
L7-5" , 23" 5 23" i 23
3 | 4550 Ibf/in l | 4,650 Tbt/in
b e R
= — F L _ =
- o ) N.A. OF STUS SILL
T s o = 2 . OF COUPLER
Wl & 429,000 bf 571,000 b ¢
df Py © .
e
L2+8" | 55000 lbf - [S5,000 Ibf
e ¢
N ' "9_5 BOGIE
56-5 |
o
63-5"
. 69:5" . |
- 2

g. 2h.

Stub sill system under 1 000 000 1bf impact load.
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-

i = M FBE & e
Bending stress = 7 for top fibre = T84
; = M
; o _ P L P
Direct stress = T ° 3.8
Max. stress in top fibre = 18 958 ]bffinz tension

Max. stress in bottom fibre = 21 995 1bf/in2 compression
The yield stress of the stub sill extrusion in 6061-T6 alloy.

. 2
Fty = 35 000 1bf/in o,
. _ 3 _
The R.F, for top fibre = 18958 - 1.8
: _ 35000 _

TORSION BOX ANALYSIS.

" The end slope sheet, the end wall and the shear plate form a torsion box. The tWo
internal ribs above the stub sill enable the torsion box to transfer the couple due to impact
loading to the wagon sides, where it is reacted by the wagon weight and inertia forces. The

value of this couple is 4 918 300 1bf in,

In addition to this couple, the torsion box receives a portion of the Toad applied
by the lading to the end slope sheet as a result of impact. It is assumed that this 10;d is

200 000 1bf for an impact load of 1 000 000 1bf.

SIDE PLATE % TIET]
i \_" y

(R0 A S S S WS S T

(1)

SRIRED 1113,

(%3

- SIDE WALL

SIDE SILL

Fig. 26. Slope sheet under impact load

The approximate projected area of the end slope sheet above the shear plate

A =60 ft2
Average pressure exerted on slope sheet by the lading
_ 200 000 N 2
pavg S = 3 333 1bf/ft

It is assumed that only that portion of the 200 000 1bf force acting on the
shaded area of Fig. 26 tends to induce torsion in the torsion box
Area (1) = 2.0 x7.5 =15 ft.%

Area (2) = 34§~§~§;5- x 3.66 = 20.1 ft°

Shaded area = 35.1 ftZ |

35.1 ‘%3333
117 000 1bf

Total load on shaded area

I
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Pé@e 7.

Horizontal shear at bottom of torsion ribs = 117 000 1bf

The centroid of the shaded area is 38" above the top of the shear plate.
Because they constitute a relief, the vertical down loads on the torsion box
are neglected.

The forces considered acting on the torsion box due to the Toad on the end

- .

slope sheet by the lading are shown in Fig, 27.

The additional torsional moment on the torsion box, due to this local effect

of the lading,

M, = 117 000 x 38 = 4 446 000 1bf in.

.". The total torsional moment on torsion box = 4 918 300 + 4 446 000

9 364 300 1bf in.

\\§ 117,000 1bf

SLOPE
SHEET @

SHEAR PLATE=|

117,000 Ibf

Fig. 27. Forces acting on torsion box due to lading.

The horizontal shear at the bottom of each rib
117,000 58 500 1bf.
horizontal shear stress at -
. _ 58 500
bottom of each rib fﬁ = 50 x 03175

= 3120 1bf/in?

The torsional shear stress in the torsion box is calculated using the equation (*)

" b
fs T AT

where A = torsion box cross section enclosed area

t = wall thickness
T = applied torque
Enclosed area A = 32-§~§Z:§ = 2 670 in®

Slope sheet and end wall thickness t = 0.3125"
Shear plate thickness t=0.5"

The total torsional moment is reacted equally by the two side walls, the
applied torque

;= 9364 300

2
The end slope sheet and end wall being the same thickness will have the same

4 682 150 1bf in/side

average torsional shear stress

4 682 150

S 2 x 2 6/0 x 0.3125
and the average torsional shear stress in the shear plate

£ - 4682 150
S 2 x2 670 x 0.5

= 2 805 1bf/in’

= 1 753 Ibf/inz

mee: Strength of Aluminium, by Aluminium Company of Canada Ltd,
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SHEAR PLATE ANALYSIS.

The 1 000 000 1bf buffing Toad is applied to the stub sill through the rear draft
stop located in the shaded area on Fig. 29.

The buffing load is partially reacted by a 110 000 1bf inertial load from the bogies,
acting through the bogie centre plate, and by a 117 000 1bf load, due to the Tading bearing on
the end slope sheet (refer torsion box analysis). The remaining 773 000 1bf is transferred by
the shear plate to the side sills, as shown at Fig, 28.

3
=¥} )
ol

i i3 i I 773000 iBf 4é§* %

ok . i -

@ 1,000,000 (bf cos 1 h

*sn : : +l

> :

GDd, i =T ; ll

110,000 Ibf

Fig. 28. Torsion box load and structure geometry.

The shear plate acts as a transverse horizontal beam spanning between the stub sill
and side sills. The high load of 773 000 1bf to be transferred and the dimensional limitations
of the shear plate make this beam critical in shear, hence the derivation of the name shear plate.

For the stub sill analysis it was assumed that the shear flow is uniform over the full
length of the shear plate. However, for the shear plate analysis taking into account the reiative
stiffness of the members in region "A" and region "B", as shown on Fig. 29, and the high shear
stresses created, it was assumed that, because of shear lag (*) only 1/3 of the 773 000 1bf. is
considered to be transferred to the body sides by that portion of the shear plate between Head~
stocks and of bolster, shown on Fig. 29 as region "A". The remaining 2/3 of the 773 000 1bf
is transferred by that portion of the shear plate within the torsion box, shown on Fig. 29 as
region "B",

*. Load transferred to bodysides

by shear plate in region "A" = ZZQgQQQ
= 257 666 1bf,
Load per side.= 3§3§§§§- = 128 833 1bf.
Resultant shear Stress f = 128 833 = 4 580 ]bf/inz.

s 56,5 x 0.5
Load transferred to bodysides
by shear plate in region "B" = 773 000 - 257 666 = 515 334 1bf

hTR /
Load per side’ = 31J2§§i = 257 667 1bf
Resultant shear stress fS = ggzgﬁszs = 8 590 1bf/in2
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In region "B" the shear plate also acts as part of the torsion box and there is an
additional torsional shear stress of 1 753 1bf/in~, (refer torsion box analysis), which is
addi tive.

The maximum shear stress in the shear plate
f, = 8590 + 1753 =10 33 1bf/in’

The shear yield stress of the shear plate in alloy 5083 - H321, considering the
welded condition, is

Fgy = 0-6 X 18 000 = 10 800 1bF/in2

The maximum shear stress of 10 343 Ibf/1n2 is just within the shear yield of the
welded material and is considered acceptable as the 1 000 000 1bf impact load application is
of small duration and infrequent. On the first such loading, if yielding was induced, the
yield stress of the material would increase making a stronger structure.

It should be noted that, because of these high stresses created within the shear
plate, particular care is required during design detail to ensure freedom from any inherent.
weakness and that fabrication conforms strictly to design requirements. A1l cut outs being

finished free of nicks or grooves, welds only where specified and finished without crater cracks.

Failure to observe the above in such a highly stressed structure in aluminium alloy, can only

contribute to early failure.
i

1
END |
WALL {
PR R e ; 1 "i ;
565" ; Q 60" Ll Er
g P A A ) .r/‘f/.f;/f ; l “
| =i e e
- ' 773,000 |pf g']
¥ b ! 2 .
REGION "A" | REGION "B" ﬂ t
END WALL~J 117,000 Iy
| el i
————— e e omiete s
|
N T S '?f/?_"','? I} o R = el |
1,000,000 :E | /751 110,000 bt i 3
= T el T = "‘"‘ﬂ ot "-r( "—J 3_4 ..(-j T T LI e o = .:1!: :
___________ ;_._.._....._'E._._....._-__u |
B | N . 11?1000 H}f [I .1
REAR DRAFT sToP- | : 2 G s
_AND CENTRE FILLER | ; : t |
CASTING i : : L [
@ . . : O E
o 223000 . g

Fig. 29. Forces on shear plate.

—
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Bottom Chord Under 1 000 000 1bf Impact Force

The maximum stresses in the side sills are due to the 1 000 000 1bf buffing force and
occur at a point 66" in from each bogie, where provision is made in the wagon for the door end

hinges.

The effective side sill end Toad section is composed of the side sill extrusion and a
length of associated side wall sheet extending approx1mate1y 15 ft. above the top of the
extrusion, as shown in Fig. 30.

| t=0-31

SIDE WALL

siDe sILL
EXTRUSION T

SIDE WALL AREA = 4-7in2
SIDE. SILL AREA = 9-5in 2
14+3in2

Fig. 30. Effective Side sill section

Extrusion alloy 6061 - T6

. . 2

Fty = 35 000 1bf/in

Side wall alloy 5083 - H321
) 1

Fty = 31 000 1bf/in

The average yield stress of the side sill section considered

- 9.6 x 35000 + 4.7 x 31 000
ty av 14.3

33 685 1bf/in2

F

The load transferred to bodysides = 773 000 1bf

. _ 773000 _ |
lToad per side Pmax B et B 386 500 1bf !

The eccentricity of the application of this load in relation to the N.A. of
the bodyside section, in Fig. 18, induces a bending moment on the bodyside.

M

2 386 500 x (42.06 + 6.625)

18 816 752 1bf in.

End loads in top and bottom chord due to bending

p = 18 816 752
80.52

= 233690 1bf compressive load in bottom chord

tensile load in top chord
End stress in bottom chord due to bending created by end load

le ® ng 220 - 15 374 befinz compression
' Compressive stress in bodyside due to direct end load
386_500

f 8 276 1bf/in® compression

: ® Tagre
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Stress in bottom chord due to weight of body and lading

f, = 3100 1bf/in° tension.
.". Combined stress in bottom chord
f = - 15374 - 8276 + 3 100
= 20 550 1bf/in® compression
. ) . 2
Since Fty ain = 33 685 1bf/in
_ 33685 _
The reserve factor = 20 550 1.6

Top Chord Under 1 000 000 1bf Impact Force

End Toad in top chord P = 233 690 1bf tensile
End stress in top chord due to bending created by end load

_ 233 690 _ 2 ,
ft i s 16 138 1bf/in~ tension
Compressive stress in body side due to direct end load
fo o= 3800 - 5276 1f/in® compression
Stresses in top chord due to weight of body and lading
f. = 3260 1bf/in® compression
Combined stresses in top chord
ft = 16 138 - 8 276 - 3 260

= 4 602 1bf/in tension.

END WALL ANALYSIS

Static Loading

The maximum static reaction at the bogie centre plate of 79 750 1bf is transferred
directly through the stub sill webs to the end wall and thence to the car sides by the main end
wall stiffeners as shown in Fig. 31.

The stress on section A-A

_ p
fe 2R Cos 275°

79750 ) 5 _
"X 812 x 0887 ~ ° 530 1bf/in™ compression

Dynamic Loading.

Under dynamic conditions the static loading stress will be increased by 25% giving
f 1.25 x 5 530 !
¢ 2
6 912 1bf/in

|

The dynamic augment of 1 382 be/in2 is within the fatigue strength'b} a transverse
fillet weld of 2 000 1bf/in2 for point of attachment of stiffener to shear plate, and ]ongitudinaT
fillet weld of 3 000 ]bf/1n2 for attachment of stiffener to end weld.

The average critical buckling stresses, in alloy 5083-H321 for each section Fig. 31 (*)
are :=-

Main Sti ffeners
Section A-A

b t b/t al Fr-r bt i Prr J

E 3.7 0.31 11.5 5.13 58 18 400 1.15 I 21 160 i

9.0 0.31 28.1 1.63 45 22 000 2.81 | 61 820 |

2.0 0.3 6.2 5.13 31 23 800 0.62 | 14 756 5

2.0 0.31 6.2 5.13 31 23 800 0.62 } 14 756 |

9.0 0.31 28.1 5.13 | 143 1 400 2.81 1 393 |
8.01 116 426

vl Thived |

* Peference: Strength of Aluminium, by Aluminium Company of Canada Ltd,
oy ) el 43 an
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_ 116 426
8.01

cr ay

= 14 535 1bf/in°.

Page 22.

END WALL ‘MAIN

STIFFENER

END WALL
SIDEBEARER
STIFFENER

Ti : _'

| s
J,#ﬁi;>§¢=i CRg
=== 'BOLSTER SIDEBEARER

VERTICAL STIFFENER

SECTION A-A SECTION B-B°
Nl
Y - r,h__.
Aot I P
3 ) . —\
Im: " & ; 7l
s | L” EFFECTIVE © ] 0-31
~— . L-__ 1 e —
e -
ol T o [+t ’EFFECTIVE
—i——‘—_—- : :"—":_l —— = l:"_"'__I' “JIDTH
A n 0:317
; 0-31" o e e
o —— — : "
= M :::::9
e ) { L
Z'H ¥
Fig. 31. End wall stiffeners
Side Bearer Stiffeners
Section B-B
‘ ‘ | D
!_ b t b/t m - bt , P
| 3.7 -l 0.31 11.8 5.13 58 18 400 1.15 21 160
)
| 6.0 0.31 18.7 1.63 30 . 24 000 1.87 44 880
2.0 0.31 6.2 5.13 31 23 800 0.62 14 756
| 2.0 } 0.31 6.2 5.13 31 23 800 0.62 14 756
' . ) |
| 6.0 F 0.31 18.7 1.63 30 24 000 1.87 44 880
3.7 | 0.31 | 11.8 5.13 58 18 400 1.15 21 160
7.28 161 592
! 161 592 . 5 2
rcr av _'_‘?T:’_,':—s—' 22 196 ]hfflrl
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IMPACT LOADING

The maximum vertical reaction on the bogie centre plate under buffing load of
1 000 000 1bf. is P = 202 260 1bf.

In addition, referring to the stub sill analysis, the application of the horizontal

* buffing load on the stub sill produceé a load of 4 650 x 23 = 106 950 1bf. which acts down on

the end wall stiffeners tending to relieve the stresses from the centre plate reaction. The
simultaneous application of both loads would produce a minimum stress condition on section A-A.
However, as the simultaneity of the two loads is doubtful, for design purposes the 202 260 1bf -
vertical reaction was combined with half of the re]ie?ing down 1oad

¢ = 202 260 - 53 475 5
c 2 x 8.01 x cos 27%

10 470 1bf/in?
14 535 1bF/in®

0

fcr av

- 1453 _
The reserve factor = TRV 1.4

BODY SIDE BEARER LOAD.

The vertical load on the side bearer was assumed to be equivalent to the 79 750 1bf.
static vertical load on the bogie centre plate. This load is transferred directly through the
bolster side bearer stiffener into the end wall stiffeners.

= 79750 _ i 2
fc = S8 10 850 1bf/in

.2
Fcr 5 22 196 1bf/in

The reserve factor under this loading which is considered would take into account

dynamic conditions = 22 196 = 2.0.
10 950

Fatigue need not be considered because of the infrequency of occurrence.

STRESSES IN SIDE WALL DUE TO LADING

Assuming the lading exerts a hydrostatic pressure on the side wall, as shown in Fig, 32,
.and multiplying by 1.25 in order to allow for vertical accelerations.

Density of bauxite = 86 1b/ft.> 1 f . d
75 5"
: E(f{rf//‘qfl////f//?‘,'r//lff//_ 2 :
SIDE PLATE - \—ASSUMED' TOP
Gt OF LADING
g1-s R it
-‘b-—-—-___.—-——'_-_— "
' i : 7-0" DEPTH .OF LADING
. R = . CONSIDERED
SIDE WALL 2,633 tbf/ft e =
: ¥
SIDE SILL

Fig. 32. Side wall laterial forces
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86 x 7
2
The tangential tension forces in the body side wall at the side plate and side si11

Resultant R = X7 x1.25=2633 1bf/ft. run of side.

are as shown in the polygon of forces at Fig. 32.

 R-2833 Ibf/ft

Ji

T= 2720 (bf /ft

B = 3.200 lbf /tt

Fig. 33. Side wall polygon of forces.

The maximum tangential tension force B in the side wall occurs at the side sill
" connection and the resultant tension stress is
= 3200 B . 2
ft * X035 ° 853 1bf/in
The heat affected zone of the welded side wall creates a transverse welded condition,
limiting the allowable working stress for 5083 - H321 alloy plate to 10 800 1bf/in2. The
calculated stress of 853 1bf/in2 is well within the allowable stress.

The 2 720 1bf/ft tangential tension force T is resisted by the side plate extrusion
and an effective width of side wall. The side plate extrusion is the same section as used for
the composite wagon and the section properties of Fig. 34 about V-V will apply.



L

7-81

4:75"

3-07

<

A=015 in2
oy

g. 34, Effective side plate section.

Summing moments about top corner edge of the extrusion shown in Fig. 34.

Section properties about V-V

ELEMENT A y Ay Ay© Icg (element)

1 2.94 1.00 2.9 2.9 0.55

2 2.91 4.75 13.8 55.6 7.68

| 3 2.12 7.81 165 129.3 =
| 4 0.19 7.31 1.3 10.1 -
5 3.90 6.81 26.5 180.8 50.86

6 0.15 0.75 1 0.1 -

12.21 61.1 388.8 59.09

e
1
o
.
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bl.1

¥ = 3w = 640
Iy = leg (element) + Ayz - Ayy
= 59,09 + 388.8 - (61.1 x 5)
= 142.39 in®
. 142.39 .3
Ztop = 3 28.5 in
Section properties about U-U
ELEMENT A y Ay Ay? Icg (element)
1 2.94 3.07 9.0 27,7 7.4
2 2.91 4.81 14.0 67.2 0.5
3 2.12 P ¥y 4.7 10.4 3.2
] 0.19 0.5 0.1 - -
5 3.90 0.16 0.6 - -
6 0.15 0.5 0.1 - =
i2.21 28.5 105.3 11.1
j o= & = 2,334
I = 11.1 + 105.3 - (28.5 x 2.33)
uu 4
= 50 in
SIDE PLATE.

The side plate extrusion and side wall effective width forms, under the side wall
tension, a beam on five supports as shown in Fig. 35.

g-0” (i RN (i TR 9-0" ¢
' 2,720 (bf /¢t | 2,720 1bi/ft |
- A A ~ ; |
| o
BRI BRI NE T i
Vgt L

A i 3 C D _ E
END WALL AND INTERMEDIATE CENTRE INTERMEDIATE END WALL AND
SLOPE SHEET DIAPHRAGM PARTITION DIAPHRAGM SLOPE SHEET

Fig. 35. Side plate loading

Since the end slope sheet reduces the depth of lading to zero at "A" and "E", spans A B
were considered to be loaded with a uniformly varying load from zero at "A" to 2 720 1bf/Tt
Spans B C and C D were considered to be uniformly loaded with 2 700 1bf/ft.

and D E
at IIBIJ 3

Assuming A B to be pinned at "A" and built in at "B" and assuming B C and C D to be built
in at "B" "C" and "D" the following bending moments are obtained

For A B, the maxi mum bending moment occurs at w =2 720 1bf/ft
g o= - ﬂl? (assuming a uniform varying load) 1=29 ft
15

2 720 x 9 x 9 x 12 -
15

- 220 320 1bf 1in.




"SECTION 7. (Cont.) ' Page 27.

For B C the maximum Bending moment occurs at w=2 720 1bf/ft
! wpn o ﬂ =
"B" and "C" = - 17 i.= 7 ¥L,
= 27 x 7 X7 x12 - 133280 1bf in

The maximum bending moment in the side plate section considered occurs in

span A B at "B"
= - 220 320 1bf in.

Using the section properties for the side plate effective section of Fig. 34

about V-V .
Z = 28.5 1n

top
_ 220 320
t top . 28.5

7 730 Ibf/in2 tension in the top face of the side plate extrusion.

3

| f

The average yield stress of the effective side plate section is
= 31 486 1bf/in°

Fty av
The reserve strength factor R.F.
_ 31 486 _ 4

7 730 ’

Considering the peak stress occurring at the top edge, where the side wall and side '
plate extrusion are longitudinally welded, the weld yield strength at this point is 16 000 ]bf/iﬁz

reduecing the R.F. to 16 000 = 2, which is still adequately safe.
7 730

INTERMEDIATE DIAPHRAGM

The 2 720 1b/ft tangential pull of the side wall on the side plate between the end slope
and centre partition is resisted by the intermediate diaphragm. An effective length of 8'-0" of side
wall was considered to load one diaphragm member, resulting in the forces shown in Fig. 36.

o 7 2 £630 (b

Y = 21,440 [bf

Fig. 36. Tangential forces due to lading

The inclined vertical load "Y" is resisted by a section of the diaphragm as shown
in Fig. 37, which is assumed to act as an axially loaded pin connected strut.
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Fig. 37. Section through diaphragm side wall stiffener

Area = 8.0 in?
o = 1149 in"
Tk = 1.2 fnz
L = 70"
i = 58
The critical buckling stress, from 5083 - H321 alloy buckling diagram,
Fop = 18500 1bf/in®
fo o= B0 - 2680 WbF/in?

The horizonta1 transverse load "Z" is resisted by the section shown in Fig. 38.

3”2 3

AREA = 12:566 in?

N

Fig. 38. Section through diaphragm horizontal component.

Load'Z = 4 530 1bf
Assuming axial loading,

- 453 _ il
ft £ e 360 Tbf/in

BODYSIDE UNDER COMBINATION OF LOADED WAGON CONDITION AND 300 000 1bf DRAWBAR PULL.

The critical stress location under the above combination of loads will, because of
the minimum depth of bodyside combined with the change in section, occur at the door end hinge

pockets i.e. 66" in from each bogie. !



SECTION 7. (Cont.) Page 29.
g

Vertical leads

The stresses in the top and bottom chords, at 66" in from each bogie centure, due to
the overall bending moment of the laden wagon under dynamic conditions, shown in Fig. 15, are :-

Stress in top chord fc = 480 1bf/in2 compression

Stress in bottom chord f, = 460 1bf/in? tension

Horizontal loads

The horizontal drawbar pull of 300 000 1bf is assumed to be equally divided into each
body side giving a direct axial stress in each bodyside of

=P _ 150000 _ Beis o
ft = 796 e 3 210 1bf/in~ tension
In addition to this direct axial stress, the vertical relationship between the centre
Tine of the coupler and the neutral axis of the bodyside, creates an eccentric moment which was ,

considered as follows.

From Figs. 18 and 25 the moment arm
= 6.62 + 42,06 = 48.68"

The bending moment in each bodyside due to this moment arm
= 150 000 x 48.68 = 7 302 000 1bf in.

Assuming this bending moment is shared equally by the top and bottom chords and the
side walls carry only shear, ref. Fig. 21

; _ 7302 000 _
End load in top and bottom chords = e 2 90 690 1bf.
Bending stress in top chord fc - %%-%%9- = 6 260 be‘/in2 compression
Bending stress in bottom chord Ty = %g 390 =5 970 1bf/in2 tension

The combined stresses in the top and bottom chords, at a location 66" in from each
bogie centre, due to the vertical and horizontal loads considered, are shown in Table 17.

TABLE 17
Stresses in 1bf/in® due to Top chord Bottom chord |
Body and lading weight
(dynamic conditions considered) 480 c 460 t

Draw bar axial stress 3210 t 3210 t
Toad |  bending stress 6 260 c 5970 t
Combined stress 3 530 ¢ 9 640 t F

| |

These combined stresses are within the allowable stress of 17 500 ]bf/ﬁnz for
6061 - T6 alloy. However as these stresses occur under dynamic conditions, fatique needs to

be considered.

The dynamic stress component of the 9 640 'Ibf/1'n2 tension stress in the bottom chorh
of 90 + 3210 + 5 970 = 9 270 1bf/in® is in excess of the fatigue strength Timit of 8 000 1bf/in?
for the as produced condition. The low incidence of this stress level in the life of a wagon is
considered to be low enough for the 9 270 be/inzstress to be acceptable subject to the fitting of
a design of gusset plate as shown in Photo 19.



The acceptance of this stress level with the fitting of gusset plates, was based on
the experience of Alcan engineers in Canada, who, on their developmental work of a prototype all
aluminium self supporting wagon, found from strain gauge tests that providing a suitable design
of gusset plate was fitted in this area, the critical stresses could be reduced to within

acceptable 1imits.

Bolster - Vertical loads

The prime function of the bolster in this wagon design is to transfer the vertical
loads from the bogie centre plate, side bearers and jacking pads into the torsion box end wall
and side walls.

The load path for each component was arranged to be continuous and direct, in the form
of vertical webs or stiffeners provided between the bolster bottom plate and shear plate, undcer
the bogie centre plates, side bearers and jacking pads. Bending stresses within the bottom
bolster plate for these loads were thus theoretically eTiminated.

+ CONSTRUCTION

Being an all welded structure, the success of the wagon construction depended on :-
(a) Establishment of weld procedures for all joint details
(b) Achieving and maintaining a high standard of welding

and (¢) Joint detail alignment and fit up conforming to design requirements.

During the wagon development and design stage, each type of welded joint detail used
was first proven before being applied to the design. To prove the joint details, samples of each
type of welded joint was prepared and subjected to -

(a) a macro etch test to check for penetration and porosity of weld

(b) test to destruction to determine suitability of joint detail for the

application.

Because of the size of the MIG welding handpiece, accessibility for welding of all
welded joints had to be taken into consideration during design and assembly sequence, to ensure
that no welds were required to be applied in locations difficult or impossible in practice for
the MIG welding handpiece to operate in, to produce quality welds. Towards this end, a fulli size
mock-up in wood was constructed of the end section, comprising of the torsion box, stub si11 and
bolster, This mock-up provided considerable assistance to both design and workshops staff,
particularly in the torsion box area, when developing the final wagon detail, planning and

construction stages.

Before commencing construction of the wagons, a welder training programme was again
instituted, using the welders previously employed on aluminium alloy welding on the Class XB
wagons, still employed with the department, as the nuclei.

Oniy those welders who had received adequate training and qualified in welding
aluminium alloy were employed on the job and then to weld only the specific joints and positions
for which they had qualified. To ensure that the welders were maintaining quality welds throughout
the construction programme, each welder was required to weld test pieces at recular intervals and
random "spot" tests, all which had to be carried out in the presence of a Shop Inspector.

Qualification was based on visual inspection, nick breaks, macro and bend tests.

In order to ensure that welding procedures laid down were strictly achered to and weld
quality was maintained, a welding supervisor was put in charge of the production welders erployed
on aluminium welding. The welding supervisor was also given the authority to direct defective

weld areas to be removed and rewelded.
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Photo 19. Addition of Gusset Plate.

T

Photo 20. Bottom discharge door jig.
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Photo 21. Stub sill and shear plate.
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Equipment maintenance was also kept under surveillance to ensure that weld quality
did not fall off duty to faulty machines.

Non-destructive tests, using X-rays for butt welds and dye penetration for fillet welds,
were used to inspect the first wagon constructed. The results were used to show the welders any
weld defects, thus assisting in further improving weld quality.

The geometry of the wagon is such that construction was divided into the following sub-
assemblies, which were then brought together in a final assembly jig.

(a) Bottom discharge doors.

(b) End units comprising stub sills, bolster, shear plate end wall and
torsion box ribs.

(c) Side walls.

(d) Centre partition.

(e) Intermediate diaphragms.

Where possible, throughout construction, downhand position welding was carried out for
ease and speed of welding and quality of welds. j

On the first fleet of 22 wagons constructed, all welding was carried out manually.
However, as it became apparent that the fleet requirements would continue to increase, machine
welding equipment was obtained and used on later wagon constructions. The use of which further:
improved weld quality and speed. |

To minimise distortion, when welding aluminium alloys, it is essential that all biates
and sections of an assembly be first securely clamped to a rigid base or jig, prior to welding.
The welded assembly should then not be released until all welds have cooled sufficiently. This
action is more important in aluminium alloy design than steel because of the greater contraction
rate of aluminium welds.

DOORS - BOTTOM DISCHARGE.

Each door is comprised of two door sections, each fabricated from a formed top plate and
two special extruded sections welded to the underside of the top plate to form a double box section,
a central hinge and 1ifting point plate and two end hinge plates. To aid the longitudinal welding
of the door extruded sections, a permanent backing strip was incorporated in the design of the
extruded sections.

To maintain alignment of the door hinge bearings, a jig was constructed in which were
mounted the central and end hinge plates. The fabricated door sections were then positioned in
between and welded to the plates. Photo 20 shows this jig with an end and central hinge plate
mounted in the jig, which was arranged so that the doors were built upside down to facilitate
setting up and welding. A fabricated door section ready to be assembled and welded can be seen on
trestles at the left of the jig. The outline of the prepared weld areas on the end and central
hinge plates can also be seen.

STUB SILL ASSEMBLY INCLUDING SHEAR PLATE.

The striker casting and rear draft stop and centre filler casting were first assembled in
between the two stub sill extrusions and riveted. To provide an optimum fit up between the stub sill
webs and shear plate for welding, a light machining cut was taken along the top edge of each stud
si11 web and the castings in contact with the shear plate. A light machining cut was also taken
across the underside face of the stub sill flanges and rear draft stop and centre filler casting, fo
obtain a true and flat contact surface for the bolster bottom plate.
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This action was necessary to ensure that in this critical stressed area, the vertical
loads had a direct load path from the bogie centre plate, through the stub sill webs into the
torsion box end wall and stiffeners. Experience on another State Railway System in Australia had
shown that failure could occur in this area if care of fit up was not taken to provide a correct

load path.

A stub sill, striker casting and centre filler and rear draft stop casting assembly with
bolster webs riveted on, prior to final positioning on the shear plate and welding, is shown in
the upside down position in Photo 21. Behind this can be seen a completed welded assembly ready
for tuming over and fitting of the end wall, torsion box ribs and bolster bottom plate.

TORSION BOX

The torsion box ribs and end walls were fabricated and welded in the flat position before
being assembled and welded to the top face of the shear plate. At this stage the bolster bottom
plate and end hinge support members are welded into position. Final boring of the end hinge pin
housings was then carried out on a horizontal boring machine, after which the end unit assembly is
then ready for placing into position on the final assembly jig. Photo 22 shows a completed assembly
prior to placing in the final assembly Jjig.

SIDE WALLS

The side wall plates were first cut to shape and the bottom radius preformed before
welding the plates into a complete wall in the downhand flat position. The complete side wall
plate was then mounted on a curved jig as shown in Photo 23, where the side plate, side sill and
side wall bottom reinforcing extrusions are welded into position to the finished side wall contour,
thus eliminating possible inbuilt stresses if welded with the side wall flat.

On later constructions it was found more practical for the side plate extrusion to be
left off until the side wall was pulled into shape on the final assembly jig, thus allowing a
better fit up of the side plate extrusion with both the side wall and shear plates.

CENTRE PARTITION.

The premachined steel casting incorporating the door operating pivot link bearings and
the rough bored steel centre hinge pin housings were first bolted to each outer wall of the centre
partition, using fitted stainless steel bolts. The sixteen 2.81" 0.D. tubular aluminium alloy
stays and side wall reinforcing plates were then placed in position and welded.

After completion of all welding, the centre partition assembly was sent to the machine
shop for final boring to size of the door centre hinge pin housings.

INTERMEDIATE DIAPHRAGM

Welding of the stiffeners to the diaphragm plate was carried out in the downhand
position. After welding, the side edges of the intermediate diaphragm assembly were finish
contoured by bandsaw to match the side wall shape.

FINAL ASSEMBLY

Final assembly of the finished wagon was carried out in a jig designed to -

(a) maintain alignment of all door hinge péints, both vertically and
transversely.

(b) maintain alignment between the bearing surfaces of the bogie centre
plates and side bearers.
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Photo 22. Completed end unit assembly.
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Photo 24. Completed body assembly.
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The two torsion box shear plate and stub sill assemblies, two intermediate diaphragms
and the centre partition were first positioned in the jig. The two side walls were then 1ifted
into position, fixed at the bottom reinforcing extrusion, and, using chain blocks and special
shaped hooks, were pulled into shape and welded. Photo 24 shows the wagon body after completion
of pulling the sides to shape.

Typical of the above assembly sequence is depicted by Photos 25, 26 and 27, which Show
the assembly stages for the side wall of a recent design of covered hopper wagon constructed in
aluminium alloy and designed specifically for haulage of alumina.

Photo 25 shows the end assemblies, diaphragms, roof section and hopper slope sheets
placed in position on the main assembly jig, Photo 26 shows a side wall being 1ifted into position
prior to pulling into shape and Photo 27 shows the side wall pulled into shape ready for welding
and fitting of the side sill extrusions.

To allow dowle fillet welds to be used for the end wall and shear plate attachments to
the side walls, the inside slope sheet of each torsion box was not positioned until all possible
internal welding of the torsion box was completed. The end slope sheet, designed to be assembied
in three sections was then fitted and welded from outside the torsion box in the hopper of the
wagon. This method of assembly was also considered necessary from the safety aspect, as, should
an operator welding inside a completely assembled torsion box be overcome by fumes, it would be
almost impossible to manhandle him out due to the confined space. )

CORROSION PREVENTION

The application of the steel striker casting and the steel centre filler and rear draft
stop casting into the stub sil11 assembly is a critical area where the joint connections are
subjected to and required to transmit the full buff and draw loadings, via a riveted joint, into

the aluminium alloy stub sill webs.

To improve this connection, the coating of the steel interfaces was obtained by cadmium
plating of all steel interfaces, to provide a thin uniform protective coating, resulting in a
superior friction grip of the riveted joint.

Aluminium alloy interfaces were given
(a) A phosphoric acid - alcohol etch treatment
(b) A coating of zinc chromate primer.

Hot driven structural steel rivets were used to attach the steel castings to the
aluminium alloy stub sills. After riveting, to prevent the ingress of moisture which could cause
corrosion, the heads of the rivets in contact with the aluminium alloy were coated with a

protective epoxy paint.

To seal against penetration of moisture between the joint surfaces, the joint edges
between the steel castings and the aluminium alloy were 1iberally coated with a zinc chromate -
koalin water repellent mastic.

A1l bolted steel to aluminium alloy connection contact surfaces were first liberally
coated with a zinc chromate - koalin water repellent mastic before final assembly.

A1l bolts, studs, nuts and washers used throughout the wagon construction were in
stainless steel. This departure from the previous use of cadmium plated bolts and nuts was brought
about by the availability of stainless steel bolts, cold forged from stainless steel to AS GI19
type 305, costing approx. only twice that of a similar structural quality steel bolt.

Studs and washers were in stainless steel type 321.

AT11 aluminium surfaces were left unpainted except for stencilling requirements.

All exposed steel surfaces were finish painted silver to blend with the unpainted |,

aluminium.
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Photo 25. Sub assemblies placed in final assembly jig
for fitting of side walls.
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Photo 26. First side wall being 1ifted into position

Photo 27. Side walls pulled into position ready for
finish welding.
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MANUFACTURING AIDS

The combined knowledge and co-operation of Engineers and Tradesmen continually evolve
improved techniques, some of which are listed below, saving many man-hours.

1. Band Saw

The cutting of Targe aluminium sheets and extrusions is easily accomplished on a Wood
Mi1l Band Saw. The ingenious adaption of Lemcol bearings on stands at machine table height
nullifies friction making heavy work easy and is most pronounced when scallop cuts are required
in some designs to reduce otherwise "in line" welding stresses.

Subjected to an Industrial Dispute, the Arbitration Court in Westem Australia ruled
in favour of Wood Machinists performing this work. Wood Machinists treat aluminium as a hard
hard-wood when tooling up. Photos 28 to 31 illustrate the set-up before and during the cutting
of aluminium by Band Saw. _

2. Senior Automatic Welding Manipulator (Better known to Journeymen as "Boom Welder")

Ostensibly for longitudinal welding, this machine is also used, in conjunction with
other machines, for circumferential welding. Australian made, this machine was purchased from
Methods Positioners Pty. Ltd., New South Wales in 1975. Photo 32 pictures the Boom Welder as
installed. '

3. Rotators

Known in Trade circles as Mechanised Rollers, they are obtained in sets of two and
used extensively for rolling barrels in co-ordination with the "Boom Welder" for circumferential
welding of tier to tier or tier to dished ends. This is now a most efficient process.

Purchased from the makers Methods Positioners Pty. Ltd., New South Wales in 1974 they are shown
in Photo 33 in conjunction with the "Boom Welder" in position.

4. Spring-loaded earth return

This shop-made spring-loaded device enables the complete welding of circumferential
seams without stopping to reclamp the earth return cable. In addition to ensuring a free one-run
weld around a barrel there is no twisting of the earth cable with consequent saving of wear and
tear,

Photo 34 shows the device in position.

5. Automatic Welding Positioner

Photo 35 shows a variable position "manipulator" being used as an aid to preparing the
edge of a flanged aluminium dished end for welding.

Purchased in 1974, this particular mechanised machine is produced in Australia by
Methods Positioners Pty. Ltd., New South Wales. However, non-mechanised manipulators are easily
manufactured and several shop-made units are in constant service.

6. Pneumatic Weld-Shaver (Better known to Tradesmen as a "Router")

Laborious hand cutting of particular edges of plates and sections in preparation for
welding is cut to a minimum.

Photo 36 illustrates a Router in position.

Air-driven, these tools are manufactured by the Zephyr Manufacturing Co., California,
U.S5.A. Two were obtained in 1971.
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7. Welding Techniques

Automatic and semifautomatic welding machines have practically usurped the former
hand-held manual metal-arc stick electrode depositing methods in Tong aluminium welding runs.

The greater the knowledge gained by the designer on stress conditions, the greater
are his demands on welding techniques, and whenever possible he designs for fully automatic
processes. Understandably this is not always possible and the following machines are utilized

in a modermn Aluminjum Fabrication Shop.

(1) Manual Metal Arc
Stick electrode depositing with hand held torch.

(i1) T.I.G6. (Tungsten Inert Gas)
Fusion welding with non-consumable tungsten electrode, the welding area is

protected by an inert argon or helium gas shield.

(i94) M.I.G. (Metal Inert Gas)
Continuous welding wire is fed from a coil; the molten metal is protected by a
shielding gas. Processed by either fully-automatic or semi-automatic means and
considering economies, Westrail Workshops use argon for ordinary superstructures
and argon-helium (for deeper and consistent penetration) for Tanks proper, as the

shielding gases.

8. Jigs and Fixtures

The extensive use of Jigs and Fixtures may be gauged from photographs,
e.g. Photos 20, 23 and 25 to 27 inclusive.

Exact replicas are enabled to be produced for any new work and particularly for
the replacement of components damaged in collisions or derailments.
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Photo 28.

Arrangement showing Lemcol Bearings at
Bandsaw Table and portable stands.
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Photo 30.

Photo 31

Commencing Bandsaw cutting of aluminium plate.

Bandsaw cutting of aluminjum p
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Photo 33. Rotators (Mechanised Rollers).

Photo 34. Spring Loaded Earth Retum.
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Photo 35, Automatic Welding Positioner,

Photo 36. Pneumatic Weld Shaver (Router).
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PERTINENT POINTS.

10.

Designs successful in aluminium are successful in steel, but not necessarily

vice-versa.

When a railway wagon is made of aluminium in Tieu of mild steel it Toses weight,
the loss of weight being approximately equal to the weight of aluminium, which is
then converted to payload.

Although the cost differential of Aluminium to Steel ($1500 and $250 per tonne -
respectively), of six to one appears at first to be somewhat excessive the fact
that aluminium, when designed to meet equivalent requirements, is about half the
weight of steel whittles the cost differentiation down to three to one.

A lesser number of aluminium wagons are required to cover a transport task equal
to that carried out by all-steel wagons.

-Economic studies indicate that, under maximum utilisation conditions, the extra

capital costs to construct an all aluminium wagon will be more than compensated by
the incremental revenue from the increased payload. )

Variations to standard extrusions are attractive feasibilities to designers.
Quite often, individually ordered special extruded sections incorporate features
covering several functions and provide economies in fabrication costs and
assemblies. Costs of dies are frequently amortised when sufficient quantities
are ordered making the design of special shapes much better practical and
economic propositions.

At times, design calculations indicate that 1ight componentry can withstand
service requirements but have need to be increased to more robust dimensions to
withstand shop-handling during manufacture and 1ifting in cases of derailments.

Successful D.C.F. (Discounted Cash Flow) exercises need to be individually
submitted when justifying the purchase of new machines - a relatively easier
task when combining these deals with aluminium production machines.

Four typical examples are included for the purchase of :-

Appendix F. Automatic Welding Manipulator (Boom Welder). Sect. 15 Page 2

]

Appendix G. Three (3) Semi-automatic Welding Machines. Sect. 15 " 7 & 8
Appendix H. One Five (5) Ton Welding Positioner. Sect. 15 " 9 - 14
Aﬁpendix J. One 600 amp. Push Pull M.I.G. Welding Machine. Sect. 15 "o15 - 17

Sudden reductions in aluminium sections can well mean stress risers. This
particularly applies to welding runs at starting and finishing ends of manual
welding; improperly designed, these inherent defects are liable to fail in
highly stressed joints.

Both T.I.G. and M.I.G. automatic welding processes can be automated so that the
welding head can be traversed along a weld seam. During the welding of long seams,
distortion - a major consideration - does occur, and shop practice is to guide the
welding head with a cross-slide arrangement.
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11. Constant vigil is necessary to keep in touch with the latest welding machines
and techniques. Naturally, machines of local manufacture are preferred if
available. Table 18 indicates examples of machines purchased in Australia, and
others purchased from the United Kingdom, West Germany, France, Switzerland and
the United States of America.'

When purchasing machines, it is considered advisable that they have a little
spare capacity over and above their allotted tasks rather than have "a boy

doing a man's job".

TABLE 18. MACHINE TOOLS USED IN MODERN ALUMINIUM (1976) WELDING TECHNIQUES.

MACHINE MAKER AGENT NO. IN LAST LAST MACHINE
SERVICE | PURCHASED PURCHASE
PRICE
Linde Sigmatic Linde, West G1.G. 1 1964 $ 3 360
Germany
Spool Gun Oerlikon, A.&.I. Perkins 2 1967 $ 695
Welding Unit Switzerland
"Migmatic 500" Rowenarc, England | Murex Aust. Pty. 11 1969 $ 3400 |
Ltd. ;
Pneumatic Weld Zephyr Mfg. Co., G. Blackwood & Son 2 1971 $ 1910
Shaver Califormia U.S.A. Ltd. Collingwood,
Victoria
Rotators 10 Ton Methods Positioners E. 1.5, 2 sets 1974 $ 3 528
PEy. Ltd., N.S.MW.
F.A.F. French Manufacture |Australian Liquid 2 1974 $ 4 517
Air
Automatic Welding | Methods Positioners €.L.G. 1 1974 $ 8 750
Positioner Py, LEd., NS N,
Senior Auto. Methods Positioners C.l.G. N 1 1975 $21 606
Welding Pty. Ltd., N.S.W.

Manipulator
(Boom Welder)

Weldmatic Arc Welding Industries | A.&.I. Perkins 1 1975 $ 4 220
Welder of Australia
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SUNDRY ASSESSMENTS.

In the competitive field of estimating, quick assessments and approximate deductions
are necessary for the dual purpose of a "feasibility cost" in the first instance and a rough

check on final cost calculations.

For such considerations in railway rolling stock :-

Aluminium averages 0.10 1bs/in3
Aluminium in design 0.15 Tbs/1n3 equal in design requirements to steel

Mild steel averages 0.30 ]bs/in3 (485 Tbs/ft3 = 0.28 ]bs/inS)

NOTE: Therefore, where mild steel sections can be replaced with aluminium, the saving in
weight can be considered as one-half the weight of steel when replaced by 'equal-in-
strength' aluminium sections.

Current material costs Proportion
Mild Steel  $250 per tonne 1
Aluminium  $1500 per tonne 6

TABLE 19. MATERIAL WEIGHTS AND COSTS ASPECTS COMBINED

| DENSIT i EQUIVALENT WEIGHTS EQUIVALENT CONTAINER
| Les/In COSTS | PROPORTION
: 0.10 let W = Weight of aluminium portion $1500 W plain | 2
| 0.15 then 1% = Weight of aluminium "equal in strength"| $2250 W 3
| strengthened
l 0.30  |and 34 = Weight of mild steel in steel design $ 750 W steel | 1
Mild Steel : Aluminium
NOTE: Therefore, weights for similar design strength 2 : 1
and costs for similar design strength 1 : 3

Where weights of assemblies of any given vehicle, aluminium or mild steel, are known
quick comparison can be made of its counterpart.

Example: "Class XC" Aluminium Wagon :- Tare 17 Ton 2 cwt, Load 62 Ton 18 cwt, Gross 80 Ton

Two bogies = 19 700 1bs = 8.795 Tons )
Draft Gear = 3000 1bs = 1.339 Tons ) = 10.58 Tons
Brake Gear = 1000 Tbs = 0.446 Tons )
For Proportions H
Tare 17.10 Tons + 6.52 = 2.623 Say 2.6 or 13
Hardware 10.58 Tons + 6.52 = 1.623 1.6 8
Aluminium 6.52 Tons & 6.52 = 1.000 1.0 5

[f designed in steel = 6.52 x 2 = 13.04 Tons
TABLE 20. APPROXIMATE TARE TO GROSS WEIGHT COMPARISONS

i e.q. | lA1umiqiym XC | St?ei Counterpart ‘____“j
L. | Weight | Proportion | Units | Weight | Proportion Units |
" Tare S 2.6 13 2% | 1.8 0 |
| Hardware 104 1.6 8 10% l 0.8 4 )
| Container 6 | 1.0 5 13 | 1.0 {5 |
| 5/13 = 38.5% ~ 5/9 = 5559 |

. ; ; ; ; 5 & Y
NOTE: In this example the steel container in a wagon increases its own weight up to 17% of the

total wagon weight and decreases the pay load by a weight approximately equal to the

of aluminium in an aluminium built wagon.

-
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wal1agnt
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INFLATION - KEEPING TRACK WITH

Broadly, estimating & costing are divided into three divisions, Materials (M) and
Wages (W) and Overheads (0). The prices of materials are fixed costs about which the
manufacturer can do little, without affecting design efficiency. A small percentage is
added as insurance against sudden and unforeseeable price rises. _

Wages and Overheads are usually linked together and any contingencies generally
on-costed to the Overheads. Therefore, it behoves both Designer and Manufacturer to consider
costly man-hours as a most important factor.

A C.P. (Critical Path) Chart should clearly set out in advance Design Time,
Materials Lead-time, Construction times and Output of units to maximise -production and

minimise costs.

The proportions of "W + 0" in relation to "M" fall roughly within the two orders
shown in Diagram 4 (in straight lines for simplicity) depending on the complexity of the design,

) In Case 1, materials take up two-thirds of the total costs, and one-third by Wages
and Overheads, and in Case 2 materials take up one-half of the total costs, and one half by
Wages and Overheads. ‘

NOTE: Between 1968 and 1975 Wages in Western Australia increased by 150%, Materials by 70%
and as both graphs indicate, total costs have increased from 1.97 to 1 and 2.1 to 1
respectively against 1968 costs. Therefore, the comparison of 2:1 is a handy current
guide but must of course be modified as any price change occurs to either Labour or

Materials or Shop Overheads.

DIAGRAM 4
" INFLATION COSTS 1968 TO 1975
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ROLE OF WESTERN AUSTRALIAN GOVERNMENT RAILWAYS (WESTRAIL)IN THE GROWTH OF ALUMINIUM PRODUCTION
IN WESTERN AUSTRALIA

The construction of the Kwinana Alumina refinery began on a site 22 miles (35 km)
south of Perth in December, 1961 and in less than two years later, (October 1963 to be precise),
the first unit was completed and production of alumina began at a rate of 210 000 tonnes per annum.

Westrail, in cooperation with Alcoa and the Western Australian Government built a
railway linking Kwinana with the bauxite mining site at Jarrahdale. The haulage of bauxite
commenced with 31 XBC composite constructed wagons and 1 R class locomotive (2025 H.P. derated
to 1950 H.P.)

Several months after commencement of bauxite operations, the first shipment of
alumina left Kwinana via the southern coast of Australia to the Point Henry Smelter in Victoria,
Australia and on 30th March, 1964, the first of many export shipments ex.Western Australia was
loaded for Japan, |

As new export markets were being won Kwinana's alumina export production capacity was
multiplied seven times between the years 1963 to 1972 to reach 1 400 000 tonnes per year.

To achieve this, Westrail purchased new and larger locomotives viz. "D" class (derated
to 2200 H.P.) from G.M.H./Clyde and increased the block unit trains to handle the bauxite haulage
requirement now in excess of 4.5 m tonnes per year, Jarrahdale to Kwinana.

One small unit train with one D class locomotive can haul 35 aluminium constructed
wagons with a nett bauxite capacity of 2212 tonnes each haul. Three trips per day is at present
being achieved making the daily haul 6636 tonnes, with the small unit train (28 XC and 7 XBC).

The large double unit train (56 XC and 14 XBC) with 2 D class locomotives, hauls a
train load of 70 aluminium constructed wagons and the nett bauxite capacity on each train 4424 tonnes.
The loading and unloading facilities are almost at perfection point and three trips per day from
Jarrahdale to Kwinana and return are quite easily achieved. The double unit train delivers
3 x 4424 tonnes = 13 272 tonnes.

Therefore, the two trains convey 6636 + 13 272 = 20 908 tonnes daily Jarrahdale to
Kwinana for refinement. i

On a 5 day week basis this is in excess of 100 000 tonnes of ore and the target of
5 million tonnes can be achieved if necessary.

Working a 7 day week the capacity can be raised to 7 million tonnes but this is not
‘necessary, nor is it desirable under the present climate of industrial wage decisions and week-end
penalty rate payments.

The pooling diagram showing the schedules appears in Diagram 5. The small unit train
of 35 wagons appears at the bottom of the diagram and the double unit train of 70 wagons
(56 XC and 14 XBC) appears in the middle of the diagram.

Nine years later, 1970, construction commenced on Alcoa's second refinery at Pinjarra,
55 kms south of the Kwinana headquarters of Alcoa and 20 miles inland from the Indian Ocean.

Situated on a flat plain at the foot of the Darling Range,the new refinery has the
potential to become one of the largest and most modern refineries in the world. Yet it haslbeen
designed to expand unobtrusively in the heart of a 12 500 acre (5058 hectares) Company owned
sheep and cattle grazing property to preserve the aesthetics of the rural countryside.

The Pinjarra refinery was commissioned in May, 1972 and by 1973 had a capacity of
600 000 tonnes of alumina per annum almost three times greater than the initial production of
the Kwinana plant of 1963.
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This capacity of 600 000 tonnes of alumina per annum was produced from two units,
construction of a third unit was completed in 1974 and a further unit, making a total of
r

4 units, was completed at the end of 1975 and full production at Pinjarra with a capacity of

CCO 000 tonnes of alumina will commence early 1976.

The combined capacity of the Kwinana plant 1.4 million and the Pinjarra refinery
will stand at 3.4 million tonnes per year, making Alcoa the biggest alumina prééucer in the
Southern Hemisphere.

Unlike the haulage of bauxite ore only from Jarrahdale to Kwinana for refinement %o
Alumina, the Western Australian Government Railways (Westrail) were equal to the %ask and
immediately designed and constructed several types of wagons of aluminium content to mest the

challenge.

The various classes of wagons designed and built in Westrail's own modern workshops
at Midland, were aluminium XF wagon nett content of 62 tonnes alumina .
aluminium XFL, 1ime pellet wagon of 52 tonnes nett lime ' ’;
steel JK, caustic wagon of 52 tonnes nett caustic '

The geography and the terrain of the country to be traversed between Kwinana and
Pinjarra apart from a few small rivers and creeks was ideal for maximum tonneages per locomotive.

In the journey Kwinana to Pinjarra the initial capacity was 27 XF empty wagons plus
4 XFL Time loaded plus 8 JK tankers of caustic; the ruling gradient being 1:40.

One D class diesel locomotive 2200 H.P. rating hauled the unit train with considerable
ease and after several test loads the capacity was increased in stages to 28 XF, to 30 XF and
in Tate December, 1975 approval was given to increase the capacity of the alumina unit train to
31 XF Toaded ex Pinjarra plus the empty caustic and lime wagons, making the gross haulage tonneazcge
2850 tonnes for the D class locomotive Pinjarra to Kwinana.

These are truly fantastic haulage figures for one D class locomotive. Two retumn
trips are being achieved daily.

The excellence of the aluminium constructed wagons and the very low tare ratio to the
alumina content, makes this a very viable and Tucrative proposition.

The XF alumina carrying wagon with a tare of approximately 18 tonnes and aTumin@
content of 62 tonnes gives an all up weight of 80 tonnes, which is equivalent to 20.00 tonne
axle weight on a very well maintained and ballasted track.

On these figures, the single unit train runs two trips daily, and during the months
napt

of December, 1975 and January, 1976 a full programme for 7 days per week was necessary to meet
the upward surge of alumina production from the Pinjarra refinery.

The proven annual haulage capacity is as follows :-

ALUMINA )
31 XF loaded x 62 tonnes = 1922 per trip = 3 844 tonnes daily
Weekly x 7 days = 26 208 tonnes daily
Yearly x 50 weeks (average) = 1 345 400 tonnes daily
CAUSTIC
8 JK loaded x 53 tonnes = 424 per trip = 848 tonnes daily I
Weekly x 5 days only _ = . 4 240 tonnes daily
Yearly x 50 weeks (average) = 212 000 tonnes caily
& XFL x 52 tonnes \ = 208 tonnes daily
Weekly x 5 days only = 1 D40 tonnes daily
Yearly x 50 weeks (average) = 52 000 tonnes daily
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It will be noted that Westrail is at present capable of hauling between
5 million to 7 million tonnes of bauxite Jarrahdale to the Kwinana refinery pi

1 345 000 tonnes of Alumina ex the Pinjarra refinery to the Kwinana headquarter

New XF wagons are being issued from the Midland Workshops and a second
unit train with a smaller locomotive is being requisitioned ready to commence
when the programmed target of 2 million tonnes of alumina ex Pinjarra is

obtained.

Of course, like every other mining industry, there are production surges
of alumina and the occasion arises where Alcoa has to call on private road

hauliers to meet the increased alumina production ex Pinjarra.

Shipping targets are being met, thanks to the excellent transport
facilities provided by Westrail.

Export of alumina viz. 1.4 million tonnes from the Kwinana Refinery plus
2 million from the Pinjarra Refinery is keeping well abreast with productlon
and 300 000 tonnes per month ex Alcoa's private wharf at Kwinana is now a

common achievement.
Alcoa of W.A. ships alumina to :-

BAHRAIN

IRAN

JAPAN

UNITED STATES OF AMERICA
ARGENTINA

Australia is now one of the 3 major bauxite producing nations of the

world, but increasing emphasis is being placed on expanding alumina production.

It is possible that Australia, as a nation, will become the largest

alumina producing and exporting nation in the world within the next ten years.

Leading metal manufacturers and major industries such as Westrail are
quick to appreciate the excellence of aluminium and this fact is borne out by
the excellent results being achieved with aluminium constructed rail wagons

for the transport of bauxite, alumina and many other commodities.

ALCOA - CALCINE. Alumina, Caustic and Lime Loads from Traffic Operator's

point of view

Sample Loads Empty Sample Loads Loaded
Direction Direction
Brakevan 2S = 15 Brakevan ZS = 15
29 XF x 18 = 522 8 JK Empty x 26 =
8 JK Loaded = 640 29 XF x 81 = 2349
4 XFL Empty x 18 = 72
= 1177 tonnes = 2644 tonn
Ruling Grade 1600 tonnes - 1975 - Ruling Grade 2660
|
Brakevan ZS = 15 Brakevan 28 = 15
29 XF Empty x 18 = 522 31 XF loaded = 25%1
8 JK Loaded = 640 4 XFL Empty x 18 = 72
4 XFL = 280

L
\o
o 9]

1457 2
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Test loads during December, 1975 now increased to 2850 tonnes after

full ewvaluation.

Figures below indicate tonneages hauled annually Pinjarra to Kwinana only.

ALUMINA 1975. 29 XF ALUMINA 1976. 31 XF
8 JK 8 JK
4 XFL 4 XFL
B/Van B/Van
29 XF @ 62 tonnes = 1798 tonnes per trip 31 XF = 1 922
Second trip = 1798 " = » = 1 922
per day = 3596 " " " = 3 844
(x7) per week = 25 172 (x7) . o= 37 908
(x50) per annum =1 258 600 (x50) =] 345 400
CAUSTIC
8 JK @ 53 tonnes - 424 tonnes per trip 8 JK = 424
Second trip = 424 " " " = 424
pexr day = 848 . . " = 848
(x5) per week - 4 240 (x7) = 2 936
(x50) per annum = 212 000 (x50) = 296 800
LIME
4 XFL @ 52 tonnes = 208 one trip Daily 4 XFL = 208
(x5) per week = 1 o40 °PLY (x7) = 1 456
(x50) per annum = 52 000 (x50) = 72 800
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Page 1.

ALUMINIUM WAGON ROUTES IN WESTRAIL

Maps are included indicating the Westrail Railway System and routes over

which aluminium wagons run in service.

Map 1. The WESTRAIL Railway System. Page 2.

Narrow Gauce (3'-6")

Map 2. Class JPA and Narrow Gauge tankers transporting

petroleum products. ' Page 3.
Map 3. Classes XC, XBC. Jarrahdale to Kwinana, transporting

bauxite. Page 4.

Classes XF, XFL. Pinjarra to Kwinana, transporting
Alumina and Lime.

Class XN Collie to Robb Jetty (Soundcem),
transporting coal.

Map 4. Class XR Cement Wagons. N.G. traffics
from Rivervale and Soundcem to
Geraldton, Bunbury and Albany. Page 5.

Standard Gauge (4'=-8.1/2")

Map 5. Class WWA All points between Leighton and
Southern Cross, transport of
grains. Page 6. |
Class WL Lefroy to Esperance - Tranéport \
of salt.
Map 6. Class WJP and St. Gauge Tankers, Fremantle to
Kalgoorlie. Page 7.

Classes WJL, WJK, Kalgoorlie to Esperance.

Map 7. Class WK Cement Wagons from Soundcem and
| Class WJID and all types S.G.
Tankers from Fremantle to .
Kalgoorlie and Kalgoorlie to
Leonora, and Kalgoorlie to

Esperance. Page 8.
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JPA NARROW GAUGE TANKERS —

MAP 2.
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XC, XBC. BAUXITE, JARRAHDALE TO KWINANA

XF, XFL. ALUMINA AND LIME, PINJARRA TO KWINANA —

XN. COAL, COLLIE TO ROBB JETTY (SOUNDCEM) e

MAP 3.
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RAILWAY AND ROAD SERVICES MAP
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XR. CEMENT, RIVERVALE AND SOUNDCEM TO
BUNBURY, GERALDTON & ALBANY | ——

MAP 4.
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WWA. STANDARD GAUGE. GRAINS TO ALL POINTS BETWEEN
LEIGHTON AND SOUTHERN CROSS

WL. SALT, LEFROY TO ESPERANCE

MAP 5.
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WJP & STANDARD GAUGE TANKERS, FREMANTLE TO KALGOORLIE

WJL, WJK,  KALGOORLIE TO ESPERANCE - ———

MAP 6.
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RAILWAY AND ROAD SERVICES MAP

WK. CEMENT WAGONS FROM SOUNDCEM

WID & ALL TYPES STANDARD GAUGE TANKERS FROM FREMANTLE TO .
KALGOORLIE, KALGOORLIE TO LEONORA & KALGOORLIE TO ESPERANCE

MAP 7.
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COST BENEFITS AND EVALUATIONS

ALUMINIUM VERSUS STEEL IN WAGON CONSTRUCTION - THE ECONOMIC VIEWPOINT
"Selection of the optimum wagon type is of major importance in unit train bulk haulage
projects. Design is governed by such criteria as the maximum load/tare ratio within the maximum

axle Toad Timitations determined by the track structure, Jow operating and maintenance cost and
high operational reliability." (*)

The choice of material for wagon construction is Jlimited to two basic metals - Aluminium
or Steel. The former has the advantage of the best Toad/tare ratio (holds more of the product per
unit of its own weight) but the latter has strength properties that result in a shorter wagon
design for a fixed load/tare ratio. (The length of the wagon is important in relation to the
lengths of crossing loops and terminal sidings. that are available and which provide a constraint
on train length, and therefore on the number of wagons that can be used to make up the train.)

In order to illustrate the economic aspects of the chofce a general transport task has
been evaluated and is described at Exhibit 1. Cost %Tgures for this simulation indicate that the
Aluminium wagon is financially more attractive than the steel wagon to operate and maintain, by 15.1
cents per tonne hauled, and that the aluminium wagon alternative is favoured if the capital cost
differential between the two alternatives is no more than $16 000 per wagon. (Exhibit 2 illustrates
in graphical form the maximum cost increase allowable for aluminium wagons). Recent information
relative to the wagon characteristics outlined suggests that this is the case.

These results, however, must be viewed in the 1ight of the underlying assumptions, and
any conclusion must be subject to the following considerations:

. Not all transport tasks are conducive to aluminium wagon utilisation. Because of the
possible length constraint, there may be situations where either additional costs for
extending crossing loops or terminals, or because of reduced wagon numbers per train
additional costs. in train running, are incurred if aluminium wagons are utilised.

Costs have been derived using a system average basis and expressing the results with gross
tonnage as the variable parameter. Whilst these cost units are acceptable (with a tolerance
of 15-20%) over large increments, their accuracy over a small range is suspect.

(Aluminium wagons are likely to reduce the gross tonnage by 15-20%).

. The wagon maintenance benefit, at this stage, is based on engineering estimates. Existing
aluminium wagons have not been in service long enough to substantiate these.

The interest on capital (discount rate) and amortisation period are important factors
which vary depending on the situation. The illustrative example uses a 10% discount
rate and a 20 year wagon 1ife.

Although the residual value of aluminium wagons is considered to be greater than steel the
illustrative example does not differentiate between residual values.

Investment decisions are almost always taken under conditions of capital restraint so that
on occasions the less capital expensive alternative might be preferred on other than
economic grounds.

The economic merits of aluminium wagon construction should not preclude the consideration of the
non quantifiable benefits that might exist:

The ability to have more wagons on a consist, to satisfy the same transport task, would
enable the number of trips to be reduced and creates the opportunity for the alternative
utilisation of the locomotive and brakevan.

Reference Rail Transport of Minerals 1972 by W.I. McCullough
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. The reduced incidence of maintenance of the aluminium wagons results in a requirement
for fewer "spares", increases the time that wagons are "on traffic", and reduces
congestion in the maintenance workshop.

. Chemical reaction between the wagon and its contents (e.g. coal) is reduced by
using aluminium rather than steel in wagon construction.

As costs are sensitive to a number of parameters (data accuracy, discount rates,
planning horizon) and there are always significant non-economic considerations, no general
conclusion between the above alternatives can be made. Each case must therefore be
considered on its merits and with due regard to the uncertainties associated with it. Thus,
although there are circumstances in which aluminium wagons can be financially advantageous
when compared to steel, there is no general rule that ensures that this is the case in all

situations. It is therefore necessary to evaluate each alternative for any particular
project.
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EXHIBIT 1  ILLUSTRATIVE EXAMPLE

PROJECT A X Y

Consider the transport of a product, A, a distance 200 km from X to Y.
It is estimated that 450 000 tonnes will be transported annually, constant over a 20
year period.

The following operating parameters are evident:
. wagon characteristics

aluminium steel
Toad (tonnes) 57 53
tare (tonnes) 19 23
length (metres) 16 15

a single locomotive is capable of hauling 2600 gross tonnes.

the crossing loops and terminal sidings are capable of accommodating a 550 metre train
(excluding Tocomotive and brakevan).

Assuming that 1 trip/day, 5 days/week, 50 weeks/annum working is possible, the
following train operations would take place:

aluminium steel
max. no. of wagons/loco 34 34
trips/annum required 232 250
overall Tength of wagons 544m 510m
gross train Tload 2584t 2584t
net Toad/train 1938t 1802t

Evaluation of the above transport task comprehending aluminium and steel wagons
results in the following incremental benefits (expressed in Equivalent Annual Cost/tonne
terms) in favour of aluminium wagons : '

train crew labour 1.8¢
locomotive/brakevan maintenance 4.6¢
wagon maintenance 3.9¢
track maintenance 2.7¢
variable overheads 2.1¢
TOTAL 15.1¢

The net benefit in favour of aluminium wagons is 15.1¢. Using a 10% cost of capit%?
and amortising over 20 years, this net benefit can be expressed as the equivalent of a $590 000
current capital investment. Thus for the fleet of 37 wagons this represents $16 000/wagon.
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SECTION 14.

CONCLUSION

Aluminium freight rolling stock for the tranport of
bulk commgdities number some 3500 in Australia.

In Western Australia the experience gained with these
1ight-weight vehicles in highly intensive operations

of mineral and grain transport in block trains augurs well
for the future.

Financial gains from greater pay loads with minimal
maintenance and high level performances of current
aluminium rollingstock have been made abundantly clear
to both the Engineer and the Economist in many cases.

Each case must, however, be thoroughly examined, cost
researched and treated as a separate exercise,

The success of the Westrail bauxite haulage operation
and the potential of our wagon design has not gone
unnoticed, A fleet of sixty (60) one hundred (100)

ton gross weight wagons hauling bauxite mined in the
Wefpa Peninsula, based on the Westrail "Class XC"
design, were bullt by Commonwealth Engineering Pty. Ltd.
Queensland,

Considered and continuing experience with aluminium alloy
rail vehicles leaves no doubt of the "excellence in

aluminfum” .
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Appendices have been included in the following order :-

Appendix A. Westrail Corporate Image. Section 15. Page 2

Appendix B. . Westrail Workshops Exhibition. g Page 3

Appendices A and B have been mentioned in the Introduction.

Aluminium wagons on Westrail have been divided in three categories :-

Appendix C. Westrail built and owned. : Section 3. Page 1
Appendix D. Westrail built - privately owned. i Page 1
Appendix E. Built and owned privately. " Page 1

Four examples of D.C.F. exercises have been listed :-
Appendix F. Automatic Welding Manipulator. \ Section 15.Page 2 - 6
Appendix G. Three Semi-automatic Welding Machines. ! Page 7 & 8
Appendix H. One Five Ton Welding Positioner . Page 9 =14

Appendix J. One 600 amp. Push Pull M.I.G. Welding Machine " Page 15 = 17
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WESTRAIL'S NEW CORPORATE IMAGE

A message from
The Commissioner of Railways

The Western Australian Government Railways are introducing on 19th
September 1975 a new image to the public—an image which | feel has a
fresh and co-ordinated approach to demands of modern marketing.

To gain business advantage it has become necessary for the Railway

to assert itself to keep at the forefront of the transport industry.

With this thought in mind, we have created a new corporate image for
Western Australia’s Railway, introducing modern colours to our marketing,
a stylised symbol . . . . and a new name.

The new marketing name chosen for the Western Australian Govern-
ment Railways is WESTRAIL—simple, easy to pronounce, yet retaining its
link with the railway and the State. :

During the corporate image programme, all railway facilities will come
under scrutiny, including locomotives, rolling stock, equipment of all kinds,
signs on railway property, promotional printed material—in fact everything
which is seen, heard or used by the public and Westrail's staff.

The design of station signs, brochures and major printing will feature
one style of type face, its clear-cut lines corresponding to accepted inter-
national standards in the transport field and well supported in industry.

The major colours chosen are orange, blue and yellow, which you will
see increasingly on all rollingstock, equipment, signs and publicity material.

However, colours and symbols do not stand alone in reflecting a new
image, impressions are largely gained from personal contact between staff
and public and this is where the introduction and maintenance of our new
plannecd image will be most important. | am confident that with the backing
of all staff, WESTRAIL will reflect a new look into the State’s railway.

SY foseae



ORKSHOPS EXHIBITION

Westrail Westrail Workshops
EXthItlon 12th November 1975

Midland

)i

WESTERN AUSTRALIAN GOVERNMENT RAILWAYS
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APPENDTIX
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SECTION 16.

WAGON DESCRIPTIONS.

For purposes of comparison three all-steel wagons were chosen as datums end

indicated as such in Section 4 "Comparative Tare Weights".
These were the wagon classes :-
W Standard Gauge Wheat Hopper Wagon, manufactured by

A.E. Goodwin, Sydney, New South Wales.

"WsT" Standard Gauge Tank Wagon, manufactured by
A.E. Goodwin, Sydney, New South Wales.

"JTE" Narrow Gauge Tank Wagon, built for B.P., Australia Ltd.
by Commonwealth Engineering.

The remaining descriptions are self explanatory -

Class WW  Wheat Wagon  (All-steel) S.G. Page 2.
WST Rail Tank Wagon (All-steel) S.G. " "
JTE Rail Tank Wagon (All-steel) N.G. " :
XBC Bauxite Wagon (Composite) N.G. " 3
XC Bauxite Wagon (Aluminium) N.G. % 4
XR  Cement Wagon (Aluminium) " " 5
XF  Alumina Wagon (Aluminium) " 9 6
XFL Lime Wagon (Aluminium) " " 7
JPA Rail Tank Wagon (Aluminium) " i 8
WK  Cement Wagon (Aluminium) S.G. " Q
WWA Wheat Wagon (Aluminium) " " 10
JGE Rail Tank Wagon (Aluminium) N.G. I
WJP Rail Tank Wagon (Aluminium) S.G. % 332
WJL Rail Tank Wagon (Aluminium) " L =
WJK Rail Tank Wagon (Aluminium) " w14
JRB  Rail Tank Wagon (Aluminium) N.G. 2%
XNG Salt Wagon (Aluminium) N.G. " 16

Details of the remaining Aluminium Wagons are available from the Outline drawings
at Section 17.



WAGON DESCRI

PTION

RAIL TANK CAR CLASS

JTE

This wagon has been designed for the transport of petroleum products on either

narrow or standard gauge.

The design utilises. the tank as the underframe of the wagon, and brakegear etc., is

maounted on brackeis welded to the tank.

brake gear and drawgear enables it to be used on the standard gauge system.
It has three compartments of 16 365 litres, 15 911 litres and 16 365 litres respectively

giving a total capacity of 81 371 Titres for use on standard gauge.

With the

blanked off, the capacity is 65 460 litres for use on narrow gauge lines.

WHEAT HOPPER WAGON CLASS WW

One feature of the design is that a change of bogies,

centre compartment

The wheat hopper wagon, of all steel construction was commissioned for the transport of
grain from the country wheat belt grain storage depots along the standard gauge route to the

sea side storage facilities of C.B.H.

The hoppers are of tear drop section.
and emptied. through four air operated discharge doors.

Filling is achieved through a continuous hatch
A catwalk is positioned at one side of the

hatch and extends over each end to allow an operator to pass from one vehicle to another.

A rail tank car of all steel, monocoque construction was commissioned mainly to meet |

departr&nta] demands for fuel transport to diesel depots.
The tank shell has a capacity of 78 193 litres, filling being achieved througn p1pes

with apertures located on the top of the tank.

Unloading is done via two 100 mm outlet valves

positioned at the bottom of the tank shell with connections to both sides of the rail tank car.
Fitted with four safety valves, the rail tank car is suitable for the transport of
motor spirit and distillate and can be used for the transport of furnace oil by removing the

safety valves and Titting safety vents.

GENERAL DATA

CLASS JTE CLASS WW E CLASS WST
Owner B.P. Australia Ltd. |Westrail Ewes ail
Designer *Commonwealth Engineering|A.E. Goodwin Ltd,Sydney [A E. Goodwin Ltd.
Manufacturer * " o Scotts, Ipswich, Qld. i . ! "
Commissioned &th November, 1965 October, 1966 | 26th October, 1970
Rail Gauge 1 067 mm 1 435 mm |1 435 mm
Length over strikers 13 195 El? 646
" over end sills 16 116. 12 979 17 430
) gﬁegoﬂ;}élng faces | 15 954 13 883 |18 33 L
Bogie Centres 12 420 10 173 |14 325
Maximum width 3 200 | 2 870
Maximun height (tare) 3 480 4 572 | 4 200
Deck/Floor Height (tare) 1 000 11070 11115
Capaci ty 189.2 m> | 78.2m3
Bogies Cast steel A3 type Ride Control inside | Wabcopac Brake Unit
10" x . §* journal brakes :
Brake System Vacuum Westinghouse ABSD { Air - Davies Matcalfe
Hand Brake W.A.G.R. Ratchet & Pawl |Miner D-3290-XL | Miner D-3290-xL
eignt - Tare 24.8 t 125.0 t 130.9 t
‘ - Leaded (Gross) | 54.8 t Isa 25 ¢t 195.25 ¢
Coupler | W.A.G.R. Improved yoke ] Type E, 10A €0
Others - Load (0.92 SG) 32 731 i t
* Desicned under licence to Union Tank Car Co.
11l skteel construction, the above 10

P2
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WAGON DESCRIPTION

WAGON CLASS XBC

This wagon was specially designed to haul bauxite from Jarrahdale in

the Darling Range to Kwinana. It is of composite construction in that the underframe

is manufactured from steel plate and the hopper from aluminium alloy.

The wagon hopper is of the divided type and is provided with bottom

discharge doors which are operated by compressed air working on the over centre

principle. It is of the self cleaning type and in this respect considerable research

was undertaken to obtain the optimum slope of side sheeting to ensure completé

discharge of bauxite.

GENERAL DATA

Owner
Designer
Manufacturer
Commissioned
Rail Gauge
Length over end sills
" over pulling faces of coupler

Bogie Centres
Maximum width
Maximum height (Loaded)
Deck/Floor Height (Loaded)
Capacity
Bogies
Brake System
Hand Brake
Coupler
Weight - Tare

" - Gross Load
Others - Discharge time

Westrail
Westrail
Westrail Workshops, Midland, W.A.
July, 1963
1 067
12 598
13 436
9 906
2 895
2 971
1 080
42 .5 m3'
Buckeye Cushion Ride 11" x 6"
Air, Westinghouse ABDEL
Ellcon high powered
Type E 10A Contour Automatic
e
83 t
4-6 seconds
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WAGON DESCRIPTION

WAGON CLASS XC

This wagon was designed to haul bauxite from Jarrahdale in the Darling
Ranges to Kwinana. It is of a monocoque design constructed entirely of
aluminium alloy.

Two Tlarge bottom discharge doors are operated by air cylinders through
an over centre linkage. These in conjunction with generous angles of slope and
side sheets allow the wagon to discharge the load quickly and cleanly.

GENERAL DATA

Owner Westrail
Designer ' . Westrail
Manufacturer Westrail Workshops, Midland, W.A.
Commissioned August, 1968
Rail Gauge 1067
Length over end sills 12 598
" over pulling faces of coupler 13 436
Bogie Centres ‘ 9 677
Maximum width 2 895
4 height (Loaded) 3 124
Deck/Floor Height 1 080
Capacity 47.96 m>
Bogies Auscopac
Brake System Air, Westinghouse
Hand Brake ET1lcon high powered
Coupler . Type E 10A Contour Automatic
Weight - Tare Y .
! - Load (Gross) 81.3 t

Discharge time 4 seconds
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WAGON DESCRIPTION
BULK CEMENT TANKER WAGON CLASS XR

This all aluminium bulk cement tanker wagon has been designed to transport
cement from the Manufacturers in the Metropolitan area to bulk handling installations
at country depots.

The wagon is comprised of a two compartment tank suspended at each end by
an integrally formed sub frame providing for the housing of the drawgear and mounting
of the bogies and brake gear. Each of the two compartments is fitted with two
filling hatches (weather proof), safety valve, pressure gauge, and 100 mm feed cone
for the aerated discharge of cement.

An overhead loading system is used for filling this wagon by gravitational
feed. Unloading is effected by the use of compressed air supplied from a blower unit,
at a working pressure of 60-80 kPa with a maximum of 100 kPa. From a regulating valve
on each side of the wagon, 15 mm pipes are connected to each compartment, which
aerates and pressurises the cement, and a 38 mm pipe take-off supplies air to the. feed
cone from which the cement is drawn, The discharge is through a 100 mm cam lock
connection adjacent to the feed cone, to which is connected a flexible hose at the
unloading depot. Discharge is controlled by a valve which regulates the ratio of
cement and air entering the discharge-line. The discharge is at the rate of
approximately 20 tonnes per hour when feeding into an overhead silo 15 m above rail.

Side ladders and cat walk are fitted to allow access to filling hatches.

GENERAL DATA

Owner Westrail
Designer Westrail
Manufacturer Westrail Workshops, Midland W.A.
Commissioned October, 1968
Rail Gauge 1067
Length over end sills 14 363

" over pulling faces of coupler 15 201
Bogie Centres 10 669 |
Maximum wi dth 2 540

! height (1oaded) 3 229
Capaci ty 38.3 m3
Bogies Ride Control
Braking system Vacuum 21" 'F' type cylinder(2)
Handbrake Miner D-3290-XL
Coupler Jones type buffer with Miner

draft gear package

Weight - Tare 15.2 t
. - Loaded 60.9 t
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WAGON DESCRIPTION
WAGON CLASS XF

This wagon has been designed to haul Alumina from the bauxite refinery on
location in the Darling Scarp to Kwinana the industrial sea loading port. The wagon
is constructed entirely from welded aluminium alloy. The aluminium alloys utilised in
its construction comply with the Aluminium Association of America Specifications viz
alloy 5083 for plate and 6061 T6 for extrusions.

Filling is achieved through five circular roof hatches. The top openings
are closed to weather by individual hatch covers constructed from reinforced Tibre
glass mounted on rollers and connected together., Discharge is achieved through six
openings in the bottom of the wagon. The bottom door is a single plate mounted on
stee]l rollers for ease of operation and is traversed longitudinally by a rack and
pinion mechanism activated by an air motor at the discharge site.

The vehicle is fitted with a catwalk, which allows workmen to pass from
one vehicle to another to open and close the roof hatches.

GENERAL DATA

Qwner Westrail
Designer Westrail
Manufacturer | Westrail Workshops, Midland, W.A.
Commissioned December, 1971
Rail Gauge 1 067
Length over Strikers ‘ 15 000

" over End Sills 14 452

" over pulling faces of coupler 15 469
Bogie Centres 11 582
Maximum width 2 870

! height (Loaded) - s 3 851
Capacity ' 69.4 m3
Bogies Auscopac
Braking System Air, Westinghouse ABLEL
Hand Brake Miner D-3290-XL |
Coupler F type 10A Contour Automatic I
Weight - Tare 18,36 tonnes

" - Loaded Gross 81.3 tonnes



WAGON DESCRIPTION

WAGON CLASS XFL

This wagon has been designed to haul Time to the bauxite refinery on
location in the Darling Scarp. The wagon is constructed entirely from welded
aluminium alloy. The aluminium alloys utilised in its construction comply with
the Aluminium Association of America Specifications viz alloy 5083 for plate and
6061 T6 for extrusions.

Filling is achieved through five circular roof hatches, The top openings
are closed to the weather by individual hatch covers constructed from reinforced fibre
glass, mounted on rollers and connected together. '

Discharge is achieved through six openings in the bottom of the wagon, each
opening is provided with an individually operated door.

The vehicle is fitted with a catwalk which allows workmen to pass from one
vehicle to another to open and close the top hatches.

GENERAL DATA

Owner Westrail
Designer Westrail
Manufacturer Westrail Workshops, Midland, W.A.
Commissioned January, 1974
Rail Gauge 1 067
Length over strikers 15 000
" over end sills 14 452
" over pulling faces of coupler 15 469
Bogie Centres 11 582
Maximum width . - 2 870
Maximum height 3 851
Capacity 69.4 m°
Bogies Auscopac
Braking system Air, Westinghouse ABDEL
Handbrake Miner D-3200-XL
Coupler Type F 10A Contour Automatic
Weight - Tare 17.8 t

- Loaded (Gross) ' 722t
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WAGON DESCRIPTION

RAIL TANK CAR CLASS JPA

This rail tank car has been designed to transport furnace oil between
Kwinana and Pinjarra for Alcoa of Australia Ltd.

It is an all welded a1ﬁminium alloy rail tank car comprising a dropped
centre cylindrical tank with semi-ellipsoidal heads, suspended at each end by an
integrally formed stub si11 and bolster assembly.

The tank is filled by means of two fill pipes located on the top of the
tank shell, whilst unloading is done via two 100 mm outlet valves positioned at
the bottom of the tank shell which feed single 150 mm outlet pipe connections on
either side of the rail tank car.

GENERAL DATA

Owner Alcoa of Australia
Designer * Westrail
Manufacturer Westrail Workshops, Midland, W.A.
Commissioned January, 1976
Rail Gauge 1 067
Length over end sills 17 100
" over pulling faces of coupler 18 118
Bogie Centres 13 982
Maximum width 2 895
Maximum height (Loaded) ' 4 420
Deck/Floor height (Loaded) 940
Capacity (Max.) 83 m°
Bogies 11" x 6" Auscopac ride control
Brake System Air, Westinghouse ABD
Handbrake Miner D-3290-XL
Coupler F type 10A Contour, automatic
Weight - tare 19.3 t
- loaded (Gross) 78.3 t

Others - Load - Fuel oil (0.995 SG) 59 296 £
Capacity (Max.) 83 080 £

* Designed under licence to the General American Transportation Corporation.

i1



WAGON DESCRIPTION

BULK CEMENT TANKER WAGON CLASS WK

This all aluminium bulk cement tanker wagon, the largest of its type in
the Southern Hemisphere, has been designed to transport cement from the Manufacturers
in the Metropolitan area to bulk handling installations at country depots.

The wagon is comprised of a two compartment tank suspended at each end by
an integrally formed sub frame providing for the housing of the drawgear and mounting
of the bogies and brake gear. Each of the two compartments is fitted with two filling
hatches (weather proof), safety valve, pressure gauge and 100 mm feed cone for the

aerated discharge of cement.

An overhead loading system is used for filling this wagon by gravitational
feed. Unloading is effected by the use of compressed air supplied from a blower unit,
at a working pressure of 100 kPa with a maximum of 200 kPa. From a requlating vafve ';
on each side of the wagon, 75 mm pipes are connected to each compartment, which-agrates
and pressurises the cement, and a 38 mm pipe take-off supplies air to the feed cone from
which the cement is drawn. The discharge is through a 100 mm cam lock connection
adjacent to the feed cone, to which is connected a flexible hose at the unloading depot.
Discharge is controlled by a valve which regulates the ratio of cement and air entering
the discharge-line. The discharge is at the rate of approximately 15 tonne per hour
when feeding a distance of 21 m horizontally into an overhead silo 15 m above rail.

GENERAL DATA

Twner Westrail
Designer Westrail
Manufacturer Westrail Workshops, Midland, W.A.
Commissioned March, 1970
Rail Gauge 1 435
Length over Strikers 19 227

" over end sills 19 024

" over pulling faces of coupler 19913
Bogie Centres 16 154
Maximum Width 3073
Maximum height (tare) 4013
Deck/Floor height (tare) 1 082
Capacity 71.4 m3
Bogies Wabcopac
Brake System Air, Westinghouse ABSD
Handbrake Miner D-3290-XL
Coupler - Type E 10A Contour Automatic
Wejght - Tare 23.3 ¢

! - Loaded (Gross) g5.25 t
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WAGON DESCRIPTION
WHEAT HOPPER WAGON CLASS WWA

This all aluminium wagon is used for the haulage of bulk grain wheat from
Merredin in the wheat belt to North Fremantle on the coast, a distance of some
200 route miles.

The wagon is of all welded aluminium alloy construction using plate
in 5083 aluminium alloy and extruded sections in 6061 aluminium alloy. A1l welding
of aluminium is by the metal inert gas (M.I.G.) process.

The strength of the wagon structure has been designed to conform with
the requirements of the Association of American Railroad Specification for Design
Fabrication and Construction of Freight Cars. )

Loading is via a continuous opening in the top of the wagon. This opening
is closed to weather by 5 hatch covers constructed in reinforced fibre glass, hingéd
along one side of the hopper. Unloading is effected through four bottom discharge
doors which slide horizontally on nylon guides, A1l doors are operated simultaneously
by a portable air motor which can be applied to a rack and pinion device, accessible
from either side of the wagon,

GENERAL DATA

Owner Hestfﬁi]

Designer Westrail
Manufacturer Westrail Workshops, Midland, W.A.
Commissioned January, 1969
Rail Gauge 1435
Length over strikers 15 416

" over pulling faces of coupler 16 104
Bogie Centres 12 344
Maximum width 3 200 _
Maximum height (tare) 4 496 :
Capaci ty 97.4 m3
Bogies Wabcopac
Brake System Air, Westinghouse WF2
Hand Brake Miner D-3290-XL
Coupler Type E 10A Contour Automatic
Weight - Tare 19.4 t

" - Loaded (Gross) 95.25 t



WAGON DESCRIPTION

RAIL TANK CAR CLASS JGE

This vehicle is for the transportation of Petroleum products from Kewdale

to country depots.

This vehicle has been designed with two separate compartments thus
enabling the oil company concerned to carry a combination of products at any one time.

Filling is achieved through pipes with apertures located on the top of the

tank shell, whilst unloading is carried out via outlet valves positioned at the bottom
of the tank shell with piped connections to either side of the rail tank car.

GENERAL DATA

Qwner
Designer
Manufacturer
Commissioned
Rail Gauge
Length over end sills
" over pulling faces of coupler
Bogie Centres
Maximum width
Maximum height (Loaded)
Capacity
Bogies
Braking System
Handbrake
Coupler
Weight - Tare
- Loaded (Gross)
Others - Load - Distillate (0.76 SG)
- Fuel 0i1 (0.85 SG)
Max. capacity

H.C. Sleigh (Golden Fleece)
Westrail.*

Westrail Workshops, Midland, W.A.
October, 1975

1067

20 300

21 304
16 600 -

2 660

3 330

66.24 m°

9" x 5" Conventional lever
Vacuum

Miner D-3290-XL
Improved Yoke
18.2 t

64 t

60 263 ¢

53 882 4

66 238 ¢

* Designed under licence to the General American Transportation Corporation.
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WAGON DESCRIPTION

RAIL TANK CAR CLASS WJP

This vehicle is for the transportation of petroleum products from Kewdale
to Country Depots,

It is an all welded aluminium alloy rail tank car, comprising a dropped
centre cylindrical tank with semi-ellipsoidal heads, suspended at each end by an
integrally formed stub sill and bolster assembly.

The single compartment is filled via two fill pipes located on the top of
the tank shell whilst unloading is via two 100 mm outlet valves positioned at'the
bottom of the tank.

GENERAL DATA

Owner . Shell 0i1 Company of Australia Ltd.

Designer ' Westrail *
Manufacturer Westrail Workshops, Midland, W.A.
Commissioned May, 1974
Rail Gauge 1435
Length over end sills 17 100
= over pulling faces of coupler 18 118
Bogije Centres 13 982
Maximum width 3 200
Maximum height (tare) , 4 114
Capaci ty 83.9 m3
Bogies Wabcopac 11" x 6" Journal
Braking System Air, Westinghouse ABSD
Handbrake : Miner D-3290-XL
Coupler F type 10A Contour Automatic
Weight - Tare 20,73 ¢
- Loaded (Gross) 82 t
Others - Load - Distillate (0.76 SG) 80 662 £ |
- Motor spirit (0.85 SG) 72 36942
Maximum capacity 84 056 £

* Designed under licence to the General American Transportation Corporation.



WAGON DESCRIPTION

RAIL TANK CAR CLASS WJL

This vehicle is for the transportation of petroleum products from Kewdale
to Country Depots. .
The principal feature of construction is the use wherever possible, of

aluminium alloy, resulting in a Tighter vehicle giving more in payload.

Filling is achieved through pipes with apertures located on the top of the
tank shell, whilst unloading is done via 100 mm outlet valves positioned at the botiom
of the tank shell with piped connections to either side of the rail tank car. .

GENERAL DATA

Owner Shell 0i1 Company of Australia, Ltd.

Designer Westrail *
Manufacturer Westrail Workshops, Midland, W.A. °
Commissioned March, 1273 h
Rail Gauge 1 435

18 409

Length over end sills

" over pulling faces of coupler 19 426
Bogie Centres 15 291
Maximum width 3 200
Maximum height (tare) 3 810
Capacity 91.85 m3
Bogies Wabcopac
Braking System Air, Westinghouse ABSD
Handbrake Ellcon, hich powered
Coupler F type 10A Contour Automatic
Weicht - tare 20.3 t

- loaded (Gross) 95.25 t

Others - Load - Distillate (0.85 SG) 88 353 £
- Motor spirit (0.93 SG) 80 752 L
Maximum capacity 92 035 £

* Designed under licence to the General American Transportation Corporation.
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WAGON DESCRIPTION

RAIL TANK CAR CLASS WJK

This vehicle is for the transportation of petroleum products.

Having three separate compartments gives the rail tank car the
flexibility of being suitable to carry a combination of products at any one

time.

GENERAL DATA

Owner
Designer
Manufacturer
Commissioned
Rail Gauge
Length over end sills
" over pulling faces of coupler
Bogie Centres
Maximum width
Maximum height (tare)
Capacity
Bogies
Braking System
Handbrake
Coupler
Weight - Tare
" - Loaded (Gross)
Others - Load (0.85 SG)
(0.76 SG)
Maximum capacity

Esso 0i1 Company of Australia, Ltd.
* Westrail

* Westrail Workshops, Midland, W.A.
' November, 1970

1435

20 168

21 031

16 154

3175

3 810

98.88 m°

Wabcopac

Air, Westinghouse ABSD
Miner D-3290-XL

F type 10A Contour Automatic
23.88 t

95.26 t

83 304 ¢

89 627 ¢

99 085 £

* Designed under licence to the General American Transportation Corporation.



WAGON DESCRIPTION

RAIL TANK CAR CLASS JRB

This all aluminium rail tank car was designed for the transportation of
petroleum products. It is a three compartment tank; each compartment being fitted
with discharge valves and outlets thus enabling a combination of products to be
transported at any one time.

Being of a monocoque design, this rail tank car is the first of its type
to operate over this system.

GENERAL DATA

Owner . Mobil 0il1 Company of Australia
Designer Tulloch Ltd., N.S.W.
Manufacture Tulloch Ltd., N.S.W.
Commissioned ' March, 1968
Rail Gauge 1067
Length over end sills 15 900

" over pulling faces of coupler . 16 738
Bogie Centres ' 12 547
Maximum width 2 514
Maximum height (Loaded) 3 708
Deck/Floor height (Loaded) 965
Bogies 10" x 5" journal roller bearings
Braking System Vacuum (21 inch type F Cylinder)
Handbrake Miner D-3290-XL
Coupler Improved Yoke Drawgear
Height - Tare ' 15.08 t

Others - Maximum capacity (0.85 SG) 53 452 £



WAGON DESCRIPTION

HOPPER WAGON CLASS XNG

This wagon has been designed for the conveyance of salt from the
deposits at Lake Lefroy to Esperance on the south coast of Westermn Australia.

The use of all welded aluminium alloy construction techniques has

helped to gain a high tare weight, pay load ratio.

The Tloading of the train is carried out as each wagon is spotted under

the one hundred tonne capacity overhead bin, from which salt is discharged through

three metre long pneumatically operated dump door. Each wagon is spotted twice
under the dump door for a capacity fill, which loads 50 wagons per hour.

Unloading is carried out at a rate of 25 wagons per hour, by spotting
each wagon over an under-track hopper, and releasing three manually operated

levers.

GENERAL DATA

Owners

Designer
Manufacturer
Commissioned
Rail Gauge
Length over end sills
" over pulling faces of coupler

Bogie Centres
Maximum width
Maximum height (Loaded)
Capacity
Bogies
Braking System
Hand Brake
Coupler
Weight - Tare

. - Loaded (Gross)

Norseman Gold Mines NL
Lefroy Salt Pty. Ltd.
Commonwealth Engineering (Q1d.)
Commonwealth Engineering (Q1d.)
November, 1969
1 067
11 938
12 879
8 559
2 743
2 752
38.65 m°
* Auscopac ride control
Air, Westinghouse WF2
Miner D-3290-XL
Type E 10A Contour Automatic
13 t
60.9 t

* This wagon is suitable for conversion to Standard Gauge operation.
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SECTION 17.

Il'l‘.'.\ r:'gl‘; OUTL I NES .

The opening remarks at Section 16 "Wagon Descriptions" apply equally to

this section.

However, the sequence of Outlines has been re-arranged for easy reference to
remarks in the body of this report.

As previously indicated the Narrow Gauge "JTE" Rail Tank Wagon, the Standard
Gauge "WW" Wheat Wagon and the Standard Gauge "WST" Rail Tank Wagon are all-steel vehicles
included as datums for comparison purposes.

The Narrow Gauge "XB" was the original composite Bauxite Wagon and the remaining
Outlines are of all-aluminium construction 1i.e. excluding proprietory lines.

Qutlines have been listed, viz :-

Class WW, Wheat wagon (all-steel) Standard Gauge ) Page 2.
Class WWA. Wheat wagon (aluminium) " ¢ )
Class JTE. Rail Tank Wagon (all-steel) Narrow Gauge Page 3.
Class JPA., Aluminium Rail Tank Wagon " " ) Page 4.
Class -‘WJP. Cars with identical tanks Standard Gauge )
Class WST. Rail Tank Wagon (all-steel) " L ) Page 5.
Class WK. Cement Wagon (aluminium) ! " )
Class XC. Bauxite Wagon (aluminium) Narrow Gauge Page 6.
XB. Bauxite Wagon (Original composite) Narrow Gauge Page 7.
XBC. Bauxite Wagon (XB re-classified) " " Page 8.
XR. Cement Wagon (aluminium) Narrow Gauge Page 9.
XF. Alumina Wagon (aluminium) " " Page 10.
XFL. Lime wagon (aluminium) " " Page 11.
Class JGE. Rail Tank Wagon (aluminium) ¥ " Page 12.
JRB. Rail Tank Wagon (aluminium) " " Page 13.
XNG. Salt Wagon (aluminium) " " Page 14.
XN. Coal Wagon (aluminium) " " Page 15.
WL. Salt Wagon (aluminium) Standard Gauge Page 16.
Class WIL. Rail Tank Wagon (aluminium) ; Page 17.
WIK. Rail Tank Wagon (aluminium)
NJD- " n " " n " g Page 18_
HJE. “n " n " " "
WIF. woow L " " ; Page 19.
IAJG- " .on " " n "
WoH, v " " ’ ! ! ; Page 20.
N‘JJ. " n " " " n
HJM. n n " _ " " 1] ) Page 21.

WJN . " " " " ] "
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